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CHAPTER I

NATURE AND SCOPE OF THIS.STUDY

The Call for Mathematics Reform
There has been a growing national and local
concern about deficiencies in the mathematics
instruction currently available in American elementary
schools.

As a society on the threshold of the 21st

century, mathematics educators and policy leaders are
asking if our students are completing school with an
education that will allow them to function successfully
in the next century.

Research and reports on learning

show that American students are not adequately prepared
(National Commission on Excellence in Education [NCEE],
1983, Bennett, 1986, McKnight et al., 1987, Dossey,
Mullis, Lindquist,

&

Chambers, 1988, American

Association for the Advancement of Science [AAAS],
1989, Lapointe, Mead,

&

Phillips, 1989, National

Research Council [NRC], 1989).
In 1983, A Nation At Risk, a report from the
National Commission on Excellence in Education, told of
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disturbing problems in the educational system in the
United States.

Since then dozens of reports have

analyzed virtually every aspect of these enormous
problems.

Everybody Counts, a report written by the

National Research Council (1989, p. 78) states, "In
today's climate, in which technology and research are
causing unprecedented change in the central methods and
applications of mathematics, present U.S. practice is
totally inadequate."

The 1986 National Assessment of

Educational Progress (NAEP) also indicates inadequate
progress of American students.

The NAEP report

documents "a critical shortage of effective reasoning
skills among our young people.

Although more students

appear to have mastered basic mathematical skills and
concepts in recent years, few achieve the higher range
of mathematics proficiency" (Dossey et al., 1988, p.
7).

NAEP results indicate that U.S. students have

adequate computation skills, but their performance is
far below standards in problem solving.

It states that

a third of American 13-year-olds have not mastered
skills universally taught in elementary school, and few
can solve everyday problems effectively using
mathematical concepts.

In addition, virtually no 9- or

13-year-olds and only 6% of the 17-year-olds surveyed
could solve multi-step and algebra problems.

It is
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disturbing to note that these results have not changed
since the 1978 assessment.

Many believe that our

nation must address this deficit if it is to
successfully compete in the technological era facing
us.
The repetitive nature of mathematics curricula
in the United States is viewed as partly to blame.
Second International Mathematics Study (SIMS)

The

(McKnight

et al., 1987) supports the NAEP results and indicates
that "the U.S. mathematics curriculum is characterized
by a great deal of repetition and review, with the
result that topics are covered with little intensity"
(p. ix).

Results of the SIMS confirm the poor

performance of the U.S. students in mathematics as
compared with other nations, such as Japan, Belgium,
Israel, and Scotland.

The report indicated that

average Japanese students performed better than the top
5% of the U.S. students enrolled in college mathematics
preparatory programs.

William Bennett's 1986 report,

First Lessons, also notes the inability of students to
apply their formal skills to real problems as the most
critical problem in elementary school mathematics.
Even more disturbing results are found in The
International Assessment of Educational Progress
(IAEP).

The IAEP (Lapointe et al., 1989) involved five
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countries and four Canadian provinces and used existing
assessment questions and procedures from the 1986
National Assessment of Educational Progress.

The only

difference in test format was that the questions were
adapted for cultural differences.

Names and examples

were changed to reflect local usage and environments.
Results from this assessment confirm th~ findings of
other national and international research projects.
The findings of this study reinforce the notion that
the U.S. will be facing tremendous problems as it heads
into the 21st century if the mathematics curricula are
not strengthened in the future.
Results from this study indicate that 78% of
Korean students, who had the highest overall average,
can use intermediate mathematics skills to solve
two-step problems compared to 40% of the United States
students.

When it comes to solving even more complex

problems, 40% of the Korean 13-year-olds are
successful, whereas only 9% of the United States'
students have these skills.
The United States' students had the lowest
achievement of all the populations with an average
below the mean.

While it is satisfying to know that

97% of the U.S. 13-year-olds can perform simple
addition and subtraction problems, and 78% can use
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basic operations to solve simple problems, it is
disturbing to note that only:
40% are able to use intermediate level mathematics
skills to solve two-step problems;
9% are able to understand measurement and
geometry concepts and can solve more complex
problems; and
1% are able to understand and apply more advanced
mathematical concepts.

(Lapointe et al., 1989)

Even when using their own test items, the United
States' students finished last.
There is a clear need for changes in mathematics
instruction.

An underlying concept in all of these

recent reports about the mathematics achievement of
American students is shifting mathematics educators
"from a back-to-basics drill and practice orientation
to an emphasis on developing students' problem solving
skills" (Kaplan, Yamamoto

&

Ginsburg, 1989, p. 59,

National Council of Supervisors of Mathematics [NCSM],
1978, National Council of Teachers of Mathematics
[NCTM], 1980, 1989, Romberg, 1984, Essential
Mathematics, 1990).

Considering these results, leaders

in mathematics education are stressing that students
should be able to identify concepts in problem-solving
situations and use specific strategies to arrive at
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solutions (Polya, 1973, Sowder, Threadgill-Sowder,
Moyer,

&

Moyer, 1986, Whimbey

et al., 1989).

&

Lockhead, 1986, Kaplan

With the focus of mathematics moving

toward a problem-solving approach, teachers frequently
ask the question: "How can I help my students to become
better problem solvers?"
In 1986, The National Council of Teachers of
Mathematics (NCTM) Board of Directors established the
Commission on Standards for School Mathematics to
improve the quality of school mathematics.

They in

turn developed a document entitled Curriculum and
Evaluation Standards for School Mathematics (Standards)
to establish a broad framework to guide mathematics
reform during the 1990s (NCTM, 1989).

One of the five

main visions outlined by the Standards is that a
student will become "a mathematical problem solver" (p.
6).

According to the Standards, problem solving should

be the central focus of the mathematics curriculum.
Problem solving should be viewed as a concept that can
be integrated into every part of the school mathematics
program, providing the foundation for learning all
concepts and skills.
The Standards stresses the importance of
establishing an inquiry-orientated problem-solving
classroom environment to encourage and foster
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problem-solving efforts.

Teachers and students should

share their thought processes, ideas, and approaches
with others to understand that problems can be solved
in a variety of ways.

Teachers and students should

learn to value the process of solving problems just as
much as they value the correct solution.
The Standards outlines the teacher's primary
responsibility as fostering a problem-solving approach
to learning mathematics.

A teacher's mathematics

program should emphasize problem solving so students
can:

1) use problem-solving approaches to investigate
and understand mathematics content;
2) formulate problems from everyday and
mathematical situations;
3) develop and apply a variety of strategies to
solve problems, with emphasis on multistep and
nonroutine problems;

4) verify and interpret results and strategies with
respect to the original problem;

5} generalize solutions and strategies to new
problem situations; and
6} acquire confidence in using mathematics
meaningfully.
(NCTM, 1989, pp. 23, 75)
But just knowing about the Standards will not
improve the mathematics curricula.

The changes

outlined in the Standards will seem like major
instructional changes to the average teacher.

These
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changes will not and cannot happen overnight.
development programs are needed.

Staff

Teachers need to have

opportunities to digest the material outlined in this
document and to discuss strategies and implementation
plans with their colleagues so that effective learning
situations may emerge.

-

The Standards is destined to

gather dust if teachers are not helped and guided along
in its implementation.

Current Programs Designed to Facilitate Change
"Projects aimed at improving math education are
seen as pivotal in the coming decade"
p. 5).

(Driscoll, 1988,

There are many programs across the country

currently being implemented that are designed for
improving mathematics instruction.

Four of these

programs are described here:
The University of Chicago School Mathematics
Project (UCSMP) is a mathematics project primarily
funded by the AMOCO Foundation with support from
several other foundations.

UCSMP is producing a

complete curriculum for grades seven through twelve
that targets the middle 80% of the student population.
The main components of the program include an early
emphasis on algebra instruction in grades seven or
eight, geometry instruction that is integrated
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throughout the mathematics curriculum, the regular use
of calculators in all grades, and the use of the
computer to help students in their statistical thinking
and their understanding of functions.
Teaching Integrated Math and Science (TIMS) is a
program funded by the National Science Foundation based
on the viewpoint that the ideal science curriculum
focuses on essential concepts central to all sciences,
and that mathematics knowledge is best acquired in a
framework such as science.

Hands-on experiences are a

major part of the TIMS experience.

Teachers use

process-orientated approaches to integrate math and
science lessons.

Students participate in activities

similar to those of scientists.

Groups of students

work together to identify variables, make observations,
and gather data in an organized way.

They also make

and check predictions and draw inferences and logical
conclusions about the world in which they live.
Throughout each lesson students learn to apply the
mathematics needed to analyze and manipulate collected
data.
Activities Integrating Math and Science (AIMS),
is another project funded by the National Science
Foundation.

In response to Science for All Americans,

Project 2061, and the recommendations of the NCTM

10
Standards, the Fresno Pacific Mathematics Project
offers innovative workshops in an effort to improve the
quality of science instruction in the elementary school
classroom.

The theme of unifying science, mathematics,

and technology is stressed and emphasized in the design
of the AIMS lessons.

Interrelating science and

mathematics topics encourages teachers _and students to
partake in classroom experiences that compare to those
they could experience in the real world.

These

meaningful opportunities provide children with
realistic preparation for careers in science and
mathematics.
The Mathematics Curriculum Improvement Project
(MCIP) is a cooperative effort of Loyola University of
Chicago, the Chicago Archdiocesan Office of Catholic
Education (which is the ninth largest school district
in the United States), and the Illinois Board of Higher
Education.

It is a program designed to improve the

teaching of mathematics in elementary schools through a
coordinated program of teacher training, curriculum
development, and school change.
For the past three years, MCIP has demonstrated
an effective model for helping elementary mathematics
teachers increase their knowledge of mathematics and
improve classroom practices.

Many of its ideas
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anticipated the Standards.

Earlier programs focused on

teacher behaviors, such as use of the textbook; a
language arts model of instruction, which includes
class discussions and a process rather than a product
orientation; a developmental model of instruction;
-

introduction of mathematics concepts at earlier grades;
and math lessons with multiple outcomes.
In response to the Standards, MCIP emphasized
problem-solving skills for its 1989 staff development
program.

MCIP/89 built upon the successes of the 1986,

1987, and 1988 programs.

The goals of the program are

to:
1) improve the mathematics competencies of existing
teachers;
2) expand the group of teachers using an activity
focused math curriculum;
3) capitalize on the skills developed by MCIP
teachers to help train new mathematics teacher
leaders and institutionalize mathematics
curriculum improvement; and
4) develop materials and instructional techniques
which build student interest and achievement in
mathematics.
(Schiller, 1989)
MCIP seeks to substantially change the
mathematics curriculum and instructional methods
currently found in the participating schools.

This can

be accomplished only with the active participation of
dedicated teachers.

In three years, MCIP has shown
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that teachers can change their mathematics curriculum
(Jagielski, 1989).

An independent evaluation team's

survey of MCIP participants indicated that 100% of the
teachers no longer followed the order of the textbook,
85% used the textbook less than five times per week,
and 87% reported that they have changed the delivery of
mathematics instruction to be more like their language
arts classes.
The objectives of MCIP/89 were designed with the
Standards and the need for mathematics reform in mind.
The development of the program has been guided by the
wisdom of Dr. Ralph Tyler.

In a recent conversation

with Dr. Tyler, he noted that "teachers do not teach
what they do not know".

Therefore, one of the goals of

MCIP was to help teachers develop, strengthen, and
practice their own problem-solving skills.

The Need for Staff Development
NCTM leaders are confident that the Standards
will make an impact in the elementary and secondary
mathematics classrooms across the country.

They

believe that its contents will have an impact on local
curriculum development and the preparation of
textbooks, tests, and teachers.

But many individuals

feel that this may not be true since the NCTM only
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represents about 30% of secondary mathematics teachers
and less than 1% of elementary teachers in the United
States.

Some individuals question whether the

Standards will prove to be just another math fiasco
like the "new math" theory of the 1960s.

Jeremy

Kilpatrick, a professor of mathematics education at the
University of Georgia, stated that "th~ Standards may
be very influential at the policy level.

How they will

make their way down to the individual teacher is very
much at issue" (O'Neil, 1989, p. 1, 6).
Kilpatrick's question is a valid concern.

The

focus of problem solving since the 1980s has become the
new "new math" for math educators.

For the

problem-solving movement to be successful, reform
leaders need to take a look at the past attempts at
change and learn from their mistakes.

The "new math"

movement in the 1960s had major problems that led to
its demise.

One of its major problems was that it did

not provide for any instructional programs to help
teachers understand and teach its new concepts and
ideas.

Another problem dealt with its terminology and

symbolism.

These new ideas and concepts were so

foreign to parents, students, and most of all teachers,
that they readily voiced their discontent with the
program.

Students also showed very little enthusiasm
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for learning because the mathematical problems and
situations they were exposed to were not related to
real-life situations (Grossnickle, Perry,

&

Reckzeh,

1990).
The National Council of Supervisors of
Mathematics position statement states that:
To learn the essential mathematics needed for the
twenty-first century, students need a
nonthreatening environment in which they are
encouraged to ask questions and take risks.
The
learning climate should incorporate high
expectations for all students ... Students need to
explore mathematics using manipulatives, measuring
devices, models, calculators, and computers.
They
need to have opportunities to talk to each other
about mathematics.
Students need modes of instruction that are
suitable for the increased emphasis on problem
solving, applications, and higher-order thinking
skills ...
To implement the new instructional strategies,
extensive professional development opportunities as
well as new learning materials will be needed.
(Essential Mathematics, 1989, p. 46)
For this call for reform to be effective and for
the implementation of the Standards to be a success,
teachers need to feel and be a part of the change
process.

Reform movements often fail to improve or

change teaching behaviors because they do not consider
the political realities of education or the need for
the change process to begin with the individual teacher
at the local school level.

"Teachers want and need
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training in new ideas and techniques that not only is
rich in new information but also provides support for
trying out the new techniques in their classroom"
(Lieberman

&

Miller, 1981, p. 53).

At all levels of mathematics, the curricula and
methods of teaching need to change.

A widely accepted

adage is that "teachers teach the way t~ey have been
taught".

If the leaders in the mathematics education

community expect reform and change to take place in the
mathematics curricula, teachers need to partake in
staff development opportunities that illustrate
teaching techniques and methods that teachers should be
expected to use in their classrooms (Frank, 1990).

Research Questions
The present study investigated the impact of a
staff development program designed to implement the
problem-solving standard from the National Council of
Teachers of Mathematics (NCTM) Curriculum and
Evaluation Standards for School Mathematics on student
achievement in problem solving.

Specifically, there

were two main questions studied:
1) Will students' achievement in problem solving
improve if their teachers are direct
participants in a staff development program on
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problem solving?
2) Will students' achievement in problem solving
improve if their teachers are indirect
participants in a staff development program on
problem solving (i.e. trained by a direct
participant)?
The strategies used in this study were ~ased upon the
mathematics education community's response to the call
for reform in the teaching and learning of mathematics

(NCEE, 1983).

Statement of the Problem
Twenty-two volunteer teachers from various
schools throughout the Chicago area were participants
in the 1989 Mathematics Curriculum Improvement Project
(MCIP/89).

The curriculum designed for this 36 hour

project (six sessions) focused on topics recommended by
the National Council of Teachers of Mathematics (NCTM)
Curriculum and Evaluation Standards for School
Mathematics.

Teacher participants attended all six

MCIP/89 workshops which extended their mathematical
competencies in the area of problem solving (see Table
1) •
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Table 1

MCIP/89 SCHEDULE - PROBLEM,SOLVING
Session 1: March 6, 1989
Non-traditional Problems
Session 2: May 4, 1989
Traditional Problems
Session 3: August 19, 1989
Problem-Solving Using Manipulatives
Session 4: September 30, 1989
Solving Problems with Base Two and Square Numbers
Session 5: October 21, 1989
Illinois Council of Teachers of Mathematics
Annual Conference
Session 6: November 18, 1989
The Japanese Model of Problem-Solving

One-third of each workshop was devoted to
developing competencies in mathematics; one third was
devoted to developing competencies in curriculum
leadership; and one third was devoted to helping the
teachers utilize new classroom materials.

The program

consisted of large group lecture and discussion
sessions and small group sharing and support sessions.
Participants were given a staff development budget of
$150 and asked to train at least three additional
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colleagues in MCIP/89 activities.

They worked with

volunteer teachers from their school and introduced
them to the problem-solving ideas from the MCIP
workshops.
The problem solving training component for this
study consisted of the two problem-solving sessions
within the six session MCIP in-service program.

There

was an eleven week implementation period during which
the participants were asked to introduce the strategies
of the two problem-solving sessions to their students.
MCIP/89 emphasizes the "train-the-trainer" model, and
the participants were required to train at least three
additional colleagues in the problem-solving
activities.
Pre- and post-test problem-solving scores were
collected from each of the classrooms.

There were

three treatment groups for this study:
1) Direct MCIP/89 Participants
2) Indirect MCIP/89 Participants
3) Non MCIP/89 Participants
This research study attempted to see if
participants in the 1989 Mathematics Curriculum
Improvement Project, a cost-effective staff development
program using a "train-the-trainer" model, could
improve the problem-solving efforts of their students.
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Operational Definitions
The term problem solving as used in this study
was taken from the National Council of Supervisors of
Mathematics 1989 position statement:
Problem solving is the process of applying
previously acquired knowledge to new and unfamiliar
situations. Solving word problems in texts is one
form of problem solving, but students also should
be faced with nontext problems. Problem-solving
strategies involve posing questions·, analyzing
situations, translating results, illustrating
results, drawing diagrams, and using trial and
error.
Students should see alternate solutions to
problems; they should experience problems with more
than a single solution.
(Essential Mathematics, 1989, p. 45)
Significance of the Study
Each year many schools invest a great deal of
money on staff development programs.

These programs

may boost morale for a few hours but rarely change
teacher behavior.

"One-shot" in-service sessions can

usually be referred to as "out-of-sight and
out-of-mind".

Staff development research has shown

that these "one-shot" in-services have few, if any
follow-up activities to insure implementation that will
lead to change.

Too often these staff development

programs end when the presenter walks out the door.
For the past three years, MCIP has acted as a
vehicle to keep participants informed of important new
research findings in mathematics instruction.

MCIP has
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found that a school's staff development budget can be
better spent by having teachers who participate in the
staff development program return to their school and
in-service their colleagues in the activities and ideas
presented.

MCIP teachers are encouraged to use and

make variations on its ideas and activities to fit the
needs of their individual school settings.

Teachers

implement the ideas presented in their classrooms and
share the results at the next MCIP workshop.

Each MCIP

in-service includes a sharing session which allows
teachers to help each other solve individual and group
problems.

By the end of the six session program

teachers have developed a resource network that
continues long after MCIP is concluded.

This

"train-the-trainer" model has proven to be a
cost-effective means for improving the mathematics
competencies of existing teachers, improving school
curricula by introducing an activity focused
mathematics program, and developing teachers as
in-service leaders.
The purpose of this study is to investigate the
power of staff development to improve student
achievement.

In doing so, this study will provide the

mathematics education community with specific data
regarding the link between staff development and
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student achievement in the area of mathematical problem
solving.

Limitations of the Study
The first limitation of this study is that the
participants have not been randomly selected but are
self-selected by their willingness to participate in
the 1989 Mathematics Curriculum Improvement Project.
This is a general limitation in staff development
research since research shows that effective staff
development is associated with a volunteer population.
A second limitation is the lack of a balanced
population due to the volunteer nature of MCIP/89.

CHAPTER II

LITERATURE REVIEW •

Introduction
With the growing concern about deficiencies in
the mathematics instruction currently available in
American elementary schools, educators need to take a
closer look into their current programs.
Administrators, teachers, students, and staff must
become more involved in cooperatively developing a
mathematics curriculum that meets the needs of their
individual situations.

A staff development approach

was used in this study to investigate if students'
achievement in mathematics would improve if their
teachers were participants in a program designed to
improve the teaching of mathematics in elementary
schools through a coordinated program of teacher
training, curriculum development, and school change.
The methods utilized in the literature search
were implemented so as to guarantee a comprehensive
presentation of related literature.

Materials referred

to within the contents of this presentation were

22

23
obtained through computer searches and manual methods.
The results of this search produced a number of
studies, reports, and articles related to the topic of
problem solving; however, information directly relevant
to the significance of staff development to student
achievement was very limited.
Two areas were investigated in t~is literature
review: elementary mathematics curriculum changes and
staff development.

The literature examined in this

chapter concentrated on the history of mathematics, the
need for reform of mathematics instruction, and the
need for staff development programs to guide this
reform movement.

The History of Mathematics Research Into Learning
Many programs and theories of mathematics
instruction have been tried over the last few decades.
The focus of mathematics instruction for the 1990s is
the outgrowth of these past theories and programs.
Grossnickle, Perry, and Reckzeh (1990) found that by
examining the major movements in the teaching of
arithmetic and elementary school mathematics,
procedures that have met the test of time can be
identified and continued as essential parts of a modern
elementary mathematics program.

Effective learning can
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only be produced by avoiding past mistakes and by
taking advantage of successful past experiences.

Sound

elementary school mathematics programs can be designed
by looking at past research in learning.

Seven major

movements in the teaching and learning of arithmetic
and mathematics learning as outlined by Kennedy
(1988) and Grossnickle et al.

&

Tipps

(1990) have taken place

since the 19th century and have led to the current
movement of a problem-solving approach to the teaching
and learning of mathematics:
1) Mental Disciple Theory
2) Stimulus-Response Theory
3) Meaning Theory of Learning
4) New Math
5) Back-to-Basics
6) Problem Solving
7) The Move Toward the Future
Mental Discipline Theory
During the later part of the 19th century
mathematics was influenced by the mental discipline
theory.

The Mental Discipline Theory stated that the

mind is like a muscle and benefits from exercise as
muscles do.

Textbooks contained lengthy computations

that were largely devoid of meaning.

These

computations were used to exercise the mind.
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Mathematics instruction emphasized ways to carefully
copy and compute answers.
Stimulus-Response Theory
Edward Thorndike's Stimulus-Response Theory was
the major focus and approach to the teaching and
learning of arithmetic early in the 20th century.
Thorndike's theory was based on the assu~ption that
learning takes place when a stimulus is paired with an
appropriate response.

This stimulus-response approach

became the predominant method of instruction for
reaching the important goal of speed and accuracy of
computation.

Teachers presented mathematics lessons

consisting of many number combinations.

The children's

goal was to establish the link between each number
combination and its answer.

The Stimulus-Response

Theory became known as the telling and drilling
approach because very little emphasis was given to the
understanding or comprehension of skills.
Meaning Theory of Learning
Later in this century, William Brownell, Zoltan
Dienes, Robert Gagne, Jean Piaget, and Richard Skemp
presented findings that supported a mathematics program
that stressed the development of an understanding of
the mathematics being learned.

Brownell advocated that

if learning was to be permanent, children needed to
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have an understanding of what they have learned.
Brownell's theory became known as the Meaning Theory of
Learning and was dominant in schools from 1940 to 1960.
This theory supported the children's ·use of many
objects to manipulate so that they could understand the
meanings of new concepts and skills. · This theory
emphasized that children should understand "why" things
work and be able to apply previously learned knowledge
and skills to solve new problems.

Children learned to

reconstruct forgotten processes and facts as needed.
The work of Dienes, Piaget, Skemp, and Gagne supported
Brownell's work.

All concurred that children need

experiences with concrete objects before being asked to
progress to pictorial representations, abstract ideas,
and the operations involving those ideas.
Four features of a modern program of arithmetic
resulted f~om Brownell's research:
1) Work with manipulatives and pictures before
dealing with abstract symbols.
2) Understand our base-ten number system and such
terms as place value, number properties and
relationships of the four operations.
3) Apply the learning in solving problems in social
situations familiar to the learner.
4) Have pupils learn by discovery rather than by
teacher telling. Discovery learning involves
activities that enable a pupil to learn without
being told.
The teacher's role changes from
telling and showing to one of using leading
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questions to direct the children to discover the
answer.
(Grossnickle et al., 1990, p. 2)
Brownell's Meaning Theory of Learning was a
sensible and practicable approach for teaching
arithmetic to children.

However, many mathematics

leaders and educators found his ideas and concepts too
limited.

These individuals felt that children needed

an early start with other topics such as algebra and
geometry.
New Math
New Math was introduced into the elementary
mathematics curriculum during the early 1960s.

In

1957, the Soviet Union launched the first manmade
satellite to orbit the earth, Sputnik 1.

This historic

event illustrated that Russia was ahead of the United
States in space technology.

Since this technology was

based upon a knowledge of mathematics and science,
great pressure was put on the schools to improve their
instructional programs in math and science.

These new

programs became known as New Math and emphasized
mathematical structure, set terminology, set symbolism,
set operations, study of bases other than 10, and
topics from algebra, geometry, and statistics.
The School Math Study Group (SMSG), founded in
1958 at Yale University and directed by Dr. Edward G.
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Begle, was a major influence on the development of the
New Math programs.

Prior to 1960, many of the ideas,

concepts, and vocabulary introduced by SMSG were not
experienced in the curriculum until late high school.
When major changes are made in the structure of
any program, problems and resistance to change are
bound to arise.

The New Math program w~s no exception.

There were many reasons for this resistance.

First,

the New Math curriculum did not include instructional
programs to help teachers understand and teach the new
concepts and ideas.

Second, parents did not comprehend

the subject matter.

They denounced the schools for

teaching mathematics that neither they nor their
children could understand.

Third, national surveys

reported that there was a decline in mathematics
achievement scores, such as the Scholastic Aptitude
Test, soon after the introduction of New Math.

Fourth,

mathematical problems and situations were not
meaningful to children.

Since the children could not

relate to what they were studying in mathematics, there
was very little enthusiasm for learning.

Finally,

because many of the New Math concepts, such as set
terminology and symbolism, were not understood by
parents, children, and many teachers, they readily
voiced their unhappiness about the program to the
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media.

Both the parents and the media voiced an

opinion that the curriculum should return to the
basics.

This rebellion led to the Back-to-Basics

movement.
Even though New Math had its problems, it made
two important contributions to elementary mathematics
programs.

First, the New Math helped to expand and

widen the mathematics curriculum.

Children were now

not only exposed to arithmetic, but to the beginning
concepts of algebra and geometry.

Second, mathematical

meanings were broadened with the introduction of the
laws or number properties that control the four basic
operations on numbers.

Today's curricula and

elementary school mathematics textbooks recognize these
two important components of New Math.
Back-to-Basics
After the unsuccessful attempt at New Math,
there was a return to mathematics programs that
stressed speed and accuracy.

This Back-to-Basics

approach of the early 1970s stressed drill and practice
activities.

Many of the New Math topics were dropped.

Mathematics instruction focused on rote learning and
memorization of rules and procedures.

The

understanding of elementary mathematics was not
enhanced during this movement.

Hechinger (1978) writes
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that when teachers plan and prepare students for basic
skills tests, students do not have the experience of
working with concrete materials or applying their
knowledge of the subject matter to real-life problem
situations.
Problem Solving
Replacing the ineffective Back-~o-Basics
movement and guiding the mathematics curriculums since
1980 was the focus on problem solving.

The theme for

this era of mathematics was guided by the National
Council of Teachers of Mathematics report, An Agenda
for Action.

This report stated that "Problem solving

must be the focus of school mathematics"
p. 2).

(NCTM, 1980,

NCTM reaffirmed its commitment to problem

solving in 1989 with its publication of Curriculum and
Evaluation Standards for School Mathematics
(Standards).

The Standards listed problem solving as

one of its five general goals for all students: "The
development of each student's ability to solve problems
is essential if he or she is to be a productive
citizen" (NCTM, 1989, p. 6).
The 1980s also saw a major shift in the content
outlined by textbooks.

Higher-order thinking skills

were included and designed around a four-step problem
solving approach to mathematics.

George Polya
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(1887-1985) devoted much of his teaching to helping
students become better problem solvers.

Variations of

his four-step process are still being used in many
mathematics classrooms today:
Step 1: Understand the Problem
Step 2: Devise a Plan
Step 3: Carry Out the Plan
Step 4: Look Back
Teachers who emphasize the problem-solving
method of mathematics constantly indicate to their
students that there is no algorithm for problem
solving, and that problem-solving situations require
more than simple rote learning.

Careful reading,

critical thinking, and persistence was stressed during
their lessons (Grossnickle et al., 1990).
Stacey and Groves (1985) summarized the teacher's
role in problem-solving instruction.
It is up to the teacher to:
1) help children accept the challenges: a problem
is not a problem until you want to solve it.
2) build a supportive classroom atmosphere in which
children will be prepared to tackle the
unfamiliar and not feel too threatened when they
become stuck.
3) allow children to pursue their own paths towards
a solution and assist them when necessary,
without giving the answers away.
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4) provide a framework within which children can
reflect on (i.e., think about, discuss, and
write about) the processes involved and thereby
learn from experience.
5) talk to the children about the-processes
involved in doing and using mathematics, so
that they can build up a vocabulary for thinking
and learning about it. Children learn much more
effectively when the teacher draws their
attention explicitly to the strategies and
processes involved.
(p. 5)
The Move Toward the Future
The mathematics movements of the past were valid
attempts to improve elementary mathematics
instructional programs, with each stressing different
goals, objectives, and approaches.

As a result of the

diversity of American public education, full acceptance
or implementation of these approaches by teachers has
not been possible.

Consequently, the challenge of

change rests on future elementary school mathematics
programs.

Grossnickle et al.,

(1990, p.4) note that

the effective teachers of the 1990s must exhibit three
important competencies:
1) Teachers must have a good background in
mathematics, understand how children learn, and
be skillful in dealing with them in the
teaching-learning process.
2) Teachers must understand the psychology of the
teaching-learning process.
3) Teachers must strive continually to keep
informed of new and improved approaches.
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Curriculum and Evaluation Standards
for School Mathematics
In March of 1989, the NCTM released a report
that was designed to "establish a broad framework to
guide reform in school mathematics in the next decade"
(NCTM, 1989, p v.).

This report, entitled Curricul~m

and Evaluation Standards for School Mathematics
(Standards)

(NCTM, 1989), takes a major step toward

preparing today's students for meeting the challenges
of tomorrow's society.

It issues a challenge to all

interested in the quality of school mathematics to work
together to use these curriculum and evaluation
standards as the foundation for change so that the
teaching and learning of mathematics in our schools is
improved.

The document contains a set of standards for

mathematics curricula and for evaluating the quality of
both the curriculum and student achievement.

The

commission appointed to develop the Standards
concentrated on two important directions: "create a
coherent vision of what it means to be mathematically
literate ... " and "create a set of standards to guide
the revision of the school mathematics curriculum and
its associated evaluation toward this vision" (p. 1).
According to the Standards, the five general
goals for all K-12 students are:

LOYOLA
UNfVERsrrv
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1) that they learn to value mathematics,
2) that they become confident in their ability to
do mathematics,
3) that they become mathematical problem solvers,
4) that they learn to communicate mathematically,
and
5) that they learn to reason mathematically.

(p. 5)
The vision of the Standards is for all students to have
the opportunity to experience these goals in a quality
mathematics program.
There are forty curriculum standards divided
into three grade level groups: kindergarten through
grade four, grades five through eight, and grades nine
through twelve.

Even though the curriculum content

outlined in the Standards specifies key elements for a
high-quality school mathematics program, it does not
list topics for specific grades or a scope and sequence
chart.

The need to accommodate students' differing

talents, abilities, interests, achievements, and needs
are included in the individual standards.
Many mathematical science organizations join
with the National Council of Teachers of Mathematics in
promoting the Standards:

American Mathematical

Association of Two-Year Colleges; American Mathematical
Society; American Statistical Association; Association
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for Women in Mathematics; Association of State
Supervisors of Mathematics; Conference Board of the
Mathematical Sciences; Council of Scientific Society
Presidents; Institute of Management Sciences;
Mathematical Association of America; Mathematical
Sciences Education Board; National Council of
Supervisors of Mathematics; Operations ~esearch Society
of America; School Science and Mathematics Association;
and Society for Industrial and Applied Mathematics
(NCTM, 1989, p. vi).

In addition, the following professional
organizations have added their support:

American

Association of Physics Teachers; American Association
of School Administrators; American Chemical Society;
American Federation of Teachers; Association for
Supervision and Curriculum Development; Council for
Basic Education; Council for Exceptional Children;
Council of Chief State School Officers; Council of the
Great City Schools; International Reading Association;
International Technology Education Association; Junior
Engineering Technical Society; National Association for
the Education of Young People; National Association of
Biology Teachers; National Association of Elementary
School Principals; National Association of Secondary
School Principals; National Association of State Boards
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of Education; National Catholic Education Association;
National Congress of Parents and Teachers; National
Council for the Social Studies; National Council of
Teachers of English; National Education Association;
National School Boards Association; National Science
Teachers Association; and National Society of
Professional Engineers (NCTM, 1989, p.vii).

Mathematics As Problem Solving
Since the 1980s problem solving has been the
focus of the mathematics curriculum.

Educators need to

realize that problem solving should not be a slogan for
reform but a cornerstone of mathematics curriculum and
instruction (Campbell

&

Bamberger, 1990).

The

Standards notes that:
... students need to work on problems that may take
hours, days and even weeks to solve. Although some
may be relatively simple exercises to be
accomplished independently, others should involve
small groups or an entire class working
cooperatively. Some problems should be open-ended
with no right answer, and others need to be
formulated.
(NCTM, 1989, p. 6)
The above statement may make many mathematics teachers
uneasy.

In a curriculum that is already overcrowded,

many teachers worry about how they will fit in

long-term problem-solving situations.

The answer as

37
stated in the Standards is to integrate problem solving
across the curriculum.

There are many opportunities

within the average school day that could be used to
generate real-life problem solving situations for the
children (Campbell

&

Bamberger, 1990).

According to the Standards,
In grades K-4, the study of mathematics should
emphasize problem solving so that students can

* use problem-solving approaches to
investigate and understand mathematical
content;

* formulate problems from everyday and
mathematical situations;

* develop and apply strategies to solve a wide
variety of problems;
* verify and interpret results with respect to
the original problem;

* acquire confidence in using mathematics
meaningfully.
In grades 5-8, the mathematics curriculum should
include numerous and varied experiences with
problem solving as a method of inquiry and
application so that students can --

* use problem-solving approaches to
investigate and understand mathematical
content;

* formulate problems from situations within
and outside mathematics;

* develop and apply a variety of strategies
to solve problems, with emphasis on
multistep and nonroutine problems;
* verify and interpret results with respect to
the original problem situation;
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* generalize solutions and strategies to new
problem situations;

* acquire confidence in using mathematics
meaningfully.
(NCTM.,

1989, p. 23, 75)

Staff Development and Mathematics Reform
"Many of the specific recommendations within the
Standards are already being implemented_by school
systems.

Others will require teacher education and

changes in long-standing beliefs about traditional
curriculums" (Van de Walle, 1990, pg. 4).

"Mathematics

programs of the early 1990s will not resemble those of
even five years earlier ... Teachers, therefore, will
not be able to teach the way they have been taught, nor
will they have a priori knowledge of all appropriate
content areas"

(Post

&

Cramer, 1989, p. 221).

If the

current mathematics programs are to change
significantly, the teaching of mathematics must also
change.

Teachers can no longer instruct by lecture

dominated classes and silent student practice.
models of teacher training are needed.

New

"Whatever their

design, the new models must make it possible for
teachers to step back and transform their basic beliefs
about what goes into the teaching and learning of math"
(Driscoll, 1988, p. 6).

Staff development programs

will be needed to help teachers refine their skills, to
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learn new methods and techniques, and to become
confident leaders in the mathematics reform movement.
Goldman and O'Shea (1990, p. 43) state that
"teachers must take leadership in curriculum and
develop their confidence as scholars if they are ever
to be true partners in education."

This concept will

require teachers to become responsible _for more than
ordering textbooks and curriculum guides.

They will

now become responsible for outlining the curriculum.
But many teachers are not ready to take an active part
in this leadership process.

Two possible reasons for

teachers' resistance to take an active leadership role
are their reliance on the textbook and their belief
systems.
Even with the call for reform and the
publication of the Standards, the textbook still
determines the mathematics curriculum in many schools
today.

Textbooks define the scope and sequence of

instruction, and the teacher guides that accompany
these textbooks "provide a road map from which few
teachers make detours" (Tyson

&

Woodward, 1989, p. 14)

Many times, if a topic is not in the book, it is not
taught.

At a time when we need a more mathematically

literate population, many of our students are still
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being "exposed to unprepared teachers using uninspiring
textbooks"

(Willoughby, 1984).

Tyson and Woodward (1989) found that textbooks
permeate the American classroom.

Numerous studies show

that textbooks structure from 75 to 90 percent of
classroom instruction (Woodward

&

Elliot, 1990).

Thompson (1989) notes that in problem-s~lving
situations, textbooks are generally not good sources
for problems.

Textbooks carefully sequence the content

and activities required for instruction and place
problem sets directly after the section that
illustrates the concepts and skills needed to solve
these problems.

This method of instruction teaches

concepts and skills in isolation and does not allow the
students to apply what they have learned to a variety
of problem situations.
Teachers' belief systems are a second possible
reason for teachers' resistance to participate as
active leaders in mathematics curriculum reform.
Thompson (1984) found that teachers' beliefs about
mathematics influence their teaching practices.
specifically, Grouws and Good (1989)

More

found that

teachers' beliefs about problem solving affect
instruction.

"Simply put, if a teacher conceives of

mathematics solely in terms of speed, accuracy, and one
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right answer, then it is unlikely that such a teacher
will stimulate students to monitor their solution
processes, estimate answers, search for alternate
solution methods, pose problems, or engage in similar
worth while activities"

(p. 34).

Grouws and Good's

(1989) research on classroom teaching of problem
solving shows that:
1) lessons that focus on problem solving as a topic
did not occur frequently;
2) when asked to teach a problem-solving lesson,
most teachers based their lessons on the
textbook and chose a section of the textbook
that dealt with verbal problems;
3) teachers' conceptions of problem solving varied
widely; and
4) some teachers were relatively successful in
consistently fostering growth in problem-solving
ability across classes and school years, but
others were quite unsuccessful.
(p. 34)
The implementation of curriculum change is
virtually impossible without very strong staff
development (Goodlad

&

Klein, 1970, Fullan, 1982,

Joyce, Hersh, & McKibbin, 1983a, Joyce & Showers,
1988).

Those programs and practices proven to be

effective must be promoted by extensive staff
development, offering specific training and follow-up.
A one-time workshop is not sufficient.

"The emphasis

of staff development must shift from scattershop

0
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presentations on what's new to systematic
implementation of what works"

(Slavin, 1989, p. 757).

If reform and change is expected to take place in
mathematics curricula, teachers need to be in-serviced
in methods that ~hey would be expected to use in their
classrooms (Frank, 1990).

"The Standards provide a

clear blueprint for reconstructing U.S._ mathematics
educatiori.

we·know what needs to be done and we know

how to do it.
action"

What's required now is a commitment to

(Steen, 1989, p. 22).

Staff Development Programs
Numerous references are to be found on staff
development.

In a report from The Rand Corporation,

Marsh (1978) explai4t that there has been little
interest in trfe professional development of teachers
until recently.

In the past the need for teacher

training was tremendously underestimated.
Consequently, many of the goals for the "Great Society"
for educational reform were not realized.

To elude

this shortcoming of inadequate training in the future,
planning for purposeful staff development is necessary
to implement the best educational practices.
There is a multitude of problems associated with
staff development with the most common complaints being

43
poor planning and organization, impersonal and
nonrelated activities, lack of participant involvement
in the planning and conducting of activities, the
self-fulfilling prophecy projected by administrators
that teachers dislike in-service programs and need to
be persuaded by reward to participate, and the overall
belief that in-service education has a district wide
focus, distant from the needs of individual schools or
teachers (Wood and Thompson, 1980).

Considering these

issues, individuals begin to wonder if these problems
can be overcome.

Loucks and Zigarmi (1981) report that

in the past five to ten years, individual input has
been effective in staff development programs, providing
for more valid and useful applications to individual
schools as opposed to that which is offered by the
districts.
According to Joyce, Hersh, ~nd McKibbin (1983b,
p. 149) "the primary task of staff development is to
develop a professional, growth-oriented ecology in all
schools".

They describe the purpose of staff

development as three-fold:
1) to enrich the lives of teachers and
administrators so that they continuously expand
their general education, their emotional range,
and their understanding of children;
2) to generate continuous efforts to improve
schools. School faculties, administrators, and
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community members need to work together to
acquire the knowledge and skills necessary to
bring those improvements into existence; and
3) to create conditions which enable professional
skill development to be continuous.
(p.

150)

In addition, they state:
Every teacher and administrator needs to be a
student of learning and teaching, to engage in a
continuous process of experimentation with their
behavior and that of their students~
They need to
study alternative approaches to schooling and
teaching, to select ones which will expand their
capabilities, and to acquire the understanding and
skills necessary to make fresh alternatives a part
of their ongoing professional repertoire.
(p.

150)

For staff development to be effective for
professional development and to cause growth in its
participants, individuals need to describe and analyze
the staff development process.

Various in-service

formats should be analyzed in order to identify the
characteristics of staff development
Marshall, 1982).

(Caldwell

&

Four staff development approaches,

each with different emphases and needs, are outlined by
Caldwell and Marshall:
1) Smorgasbord Approach
2) Central Office Approach
3) Teacher Centered Approach
4) School Improvement Approach
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Smorgasbord Approach
The Smorgasbord Approach of staff development is
usually provided by a central office administrator and
is typically in response to state or locally mandated
in-service days.

It has neither an institutional nor

individual emphasis.

Staff development activities are

planned and performed at the awareness level.

Experts

are hired to give presentations designed around current
educational fads or "tricks-of-the-trade".
few or no follow-up activities.

There are

Evaluation procedures

are limited and if performed are designed to
demonstrate teachers' favorable reactions to the
program.

Participants and consultants have very little

or no contact with each other.
Central Office Approach
Similar to the smorgasbord approach, the central
office approach has a top-down format with one central
office administrator in charge.

Staff development

activities are designed around institutional need and
consist of one-shot presentations given by outside
experts.

Activities are generally offered during one

or two in-service days per year or afternoon sessions
scheduled on a monthly basis.

Few resources are

appropriated to inspire implementation or upkeep of
learned skills, and there is little follow-up to ensure
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implementation.

Evaluation is limited, and impact

studies are not performed to determine the
effectiveness of the staff development activities.
There is very little or no contact between participants
and consultants.
Teacher-Centered Approach
The Teacher-Centered Approach is_ the opposite of
the central office approach and is usually coordinated
by one individual with help from a teacher committee or
board.

Instructional staff members provide leadership

and guidance, and programs focus on the perceived
academic or personal needs of the teacher.

High

interest workshops, "make it and take it" programs,
teacher rap sessions, teacher developed curricular
packages, and personal interest programs are some of
the staff development activities used in this approach.
Participant involvement in planning and conducting
activities is high.

Informality is stressed and an

assortment of "hands-on" activities and program formats
is regularly available.

Some programs may use a

pre-test/post-test format, but formal evaluation
studies are usually not performed.

Impact evaluation

is generally not of interest and institutional change
is not expected.
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Loucks-Horsley, Harding, Arbuckle, Murray,
Dubea,

&

Williams (1987) advocate this approach by

contending that teachers have the ability to identify
their own learning needs and the needs of their
students.

These programs assume that teachers are

capable of self direction and self-initiated learning.
Using an individual emphasis, this model. allows
teachers, as adult learners, to make choices concerning
their professional development.
School Improvement Approach
Emphasizing institutional and individual needs,
the School Improvement Approach, provides growth
experiences for the instructional staff, as well as
meeting district needs.

A central office coordinator

in conjunction with an advisory committee represents
the program's participants.

Individuals are judged

competent to identify their own needs with program
decisions being made after the individuals have
identified district or institutional needs.

Staff

development activities are planned after conducting a
needs assessment.

The information obtained from the

needs assessment is used in the program's planning and
decision making process.

Staff members participate in

translating priority needs of teachers, students, and
the community into program goals.

Evaluation
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procedures are both formative and summative and are
used to evaluate both product and process.
Based on the research, school improvement

.
programs were developed to apply this theoretical
approach.

Wood, Caldwell and Thompson (1986) note that

staff development opportunities should- revolve arourid
the goals of district and school improvement plans.
The needs, goals, and plans of others should dictate
the focus of the training sessions to staff developers.
During the early 1980s, Wood began to propose
that staff development programs aimed at school
improvement should be the focus of the individual
school and not the school district.

His proposition is

supported by much of the effective schools research.
Six assumptions developed that are based on Wood's
(1989) research and the studies of other educational
researchers include:
1) The school, rather than the district, is the
primary unit of change (Goodlad, 1984).
2) A positive, healthy school climate that includes
trust and open communications among staff is
essential for a successful staff development
program (Zigarmi, 1981).
3) The principal is the key figure in facilitating
improvement in school (Curran, 1982).
4) As adult learners, individuals are motivated to
participate in staff development programs that
allow for individual differences and control
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over what and how they learn {Whithall
1979).

Wood,

&

5) Learning by doing is an essential part of an
adult learning program {Roy, 1987).
6) Leadership in planning, designing, and
implementing staff development should be shared
by administrators and teachers {Sparks, 1983).
Based on these assumptions and further research
{Wood, Thompson,

&

Russell, 1981, Thomp~on, 1982), Wood

{1989) designed the Readiness, Planning, Training,
Implementation, Maintenance {RPTM) model of staff
development.

In implementing change, schools can be

successful if their staff developers follow the RPTM
model and work with the school district to develop a
support system within the district to encourage
success.
Focusing on adult learning theory, Krupp {1989)
states that teachers, as adult learners bear the
ultimate responsibility for their professional
development.

Even if the best possible climate for

learning is provided, staff developers need to
understand that these teachers decide if they will
partake in the staff development opportunity.

It can

often be difficult to meet the needs of these complex
individuals, but Krupp notes that in order for learners
to try new ideas, a positive, risk-free environment
must be provided.

If in-service situations are not
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structured in a very supportive manner, these teachers
will abandon the proposed change at the first sign of
failure.

When working with teachers, staff developers

can create the most conducive atmosphere by following
six specific guidelines:
1) Focus on growth.
2) Serve as models for growth.
3) Reward growth.
4) Expect and accept failures.
5) Make the sessions relevant and practical.
6) Focus on individual interests and needs.
(Krupp, 1989, pp. 45-46)
Research by Harrison (1980) and Joslin (1980)
also indicates that effective staff development
programs are most successful when they:
1) meet the needs expressed by teachers or
principals;
2) create a flexible program that is sensitive to
teacher input;
3) consist of multiple sessions;
4) allow for group and individual problem solving;
5) allow for choice and individualization;
6) encourage collecting and sharing information;
7) provide practice;
8) provide individualized supervision;
9) provide feedback;
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10) strengthen work relations among persons of
different status;
11) provide written material; and
12) model proposed teaching behaviors.
Many effective staff development practices and
programs, such as the ones described above, are bei~g
used in schools today.

In many of these models, one

important component of staff development seems to be

missing in the development, implementation, and/or
evaluation process: the focus on student achievement.
Very few in-service programs stress the importance of
participating in staff development to grasp new
concepts and techniques that may foster student
achievement.

Many studies report only on specific

aspects of training models.
Over 400 case studies have been analyzed by
Joyce and Showers (1988) on the effectiveness of
various kinds of training methods, with the training
phase of implementation being studied in depth.

Three

areas analyzed in their research include the impact of
simulated practice on skills development (Cruickshank,
1968, Vlcek, 1966); studies combining modelling,
practice, and feedback with respect to skill
acquisition and transfer (Edwards, 1975); and the power
of observation, feedback, and goal setting to boost the
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effects of training (Feldens

&

Duncan, 1978).

From

this research, Joyce and Showers created a staff
development model they contend guarantees the transfer
of staff development activities into actual classroom
applications.

The most effective training activities

determined by their research include theory, modelling,
practice and feedback, curriculum adapt~tion, coaching,
and periodic review.

Staff Development and Student Achievement
Joyce and Showers' outline in their 1988 book,
Student Achievement Through Staff Development, six
assumptions on which they base their model of effective
staff development practices.

One assumption is "that

student learning can be greatly increased through human
resource programs" (p. 3).

Joyce and Showers note that

there are two interrelated goals for staff development
in the educational setting:
1) to enable the students to learn the information,
skills, concepts, and values that comprise the
curriculum and
2) to increase the students' ability to learn in
the future.
(p. 3)
Joyce and Showers (1988, p. 3) "believe that
research on teaching and learning has resulted in a
considerable array of curricular and instructional
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alternatives that have great promise for increasing
student learning", such as a large number of models of
teaching (Joyce

&

Weil, 1986) and instructional

programs of effective teachers (Walberg, 1986).

Other

educational practices that can effect student learning
include ways of managing students and-learning
environments, teaching strategies, curriculum designs,
dimensions of the learning environments of schools, and
the use of technologies.
Staff development programs have been created
with curriculum and instruction improvement in mind,
but Joyce, Showers, and Rolhieser-Bennett (1989, p. 11)
indicate that both "planners and participants should be
striving for particular amounts of increase in student
learning when any given program is offered."

Three

recent developments in educational research have set
the objectives for staff development and student
learning:
The first development is that there has been a
great expansion of the number of research and
development personnel in education and applied
psychology ... Educational research now provides an
array of serious options for this substance of
programs that can increase learning. Part of this
information has been disseminated to school
personnel (Walberg, 1986), but much has not.
Second, recent research on staff development and
curriculum implementation has provided guidelines
for the design of staff development programs that
enable teachers to increase their repertoire of
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teaching skills dramatically and to use those
skills effectively (Joyce and Showers, 1988,
Huberman and Miles, 1984).
Third, research on innovation has indicated that
sustained change in curriculum and instruction
depends heavily on a shared understanding about the
nature of the innovation and what it ·can accomplish
(Fullan, 1982) .
(Joyce et al.,. 1989, pp. 11-12)
"The link between staff development and student
achievement was not systematically demonstrated until
recently" (Fullan, 1990, p. 5).

Stallings'

(1989)

research was designed to improve teaching and student
achievement relative to secondary school reading
practices.

Critical factors related to effective staff

development were identified through Stallings' work.
She determined that teachers are more likely to change
their behavior and continue to implement new ideas
under the following conditions:
1) they become aware of a need for improvement
through their analysis of their own observation
profile;
2) they make a written commitment to try new ideas
in their classroom the next day;
3) they try the idea and evaluate the effect;
4) they modify the idea;
5) they report their success or failure to their
group; and
6) they try again.
(Stallings, 1989, pp. 3)
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According to Stallings, the four most important aspects
of the model include:
1) Learn by doing -- try, evaluate, modify, try
again.
2) Link prior knowledge to new information.
3) Learn by reflecting and solvin~ problems.
4) Learn in a supportive environment
problems and successes.

share
(p.

3)

Joyce, Murphy, Showers, and Murphy's (1989)
research illustrates the importance of the degree of
skill achieved by teachers and the effects of their
teaching on student achievement in a study applied to
"at-risk" students.

The study by Joyce and his

colleagues confirms the link between staff development,
implementation, and student outcomes.

They identified

considerable (but variable) implementation in the
classroom, which in turn was related to a dramatic
impact on student achievement and student promotion
rates.

This data was obtained after eighteen months of

intensive training and follow-up with teams of teachers
focusing on models of teaching.
"It is worth emphasizing that both the Stallings
and Joyce initiatives required considerable
sophistication, effort, skill, and persistence to
accomplish what they did.

Most staff development
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activities do not measure up to these standards"
( Fu 11 an, 1 9 9 0, p . 7) .
Today, Joyce et al.

(1989) note that the means

for designing staff development programs and the
necessary content are available.

However, staff

development programs that consist of "one-time" weak:
treatments will not be able to hold the strong content.
Joyce and his colleagues "hope that the available
repertoires of teaching practices and the possibility
of using curricula, all of which can dramatically
increase student achievement will be taken seriously.
If we use the projects of research seriously and
powerfully, we have the promise of increasing the
learning of all students.
students 'at risk'"

Not to do so is to place all

(p. 22).

CHAPTER III

METHODOLOGY
Population of the Study
The population included mathematics classes ·in
selected elementary schools from both the private and
public school systems in the Cook, DuPage, and Lake
County areas in Illinois.

The teachers of these

classes either participated in the 1989 Mathematics
Curriculum Improvement Project (MCIP/89) or volunteered
'

to act as a comparison group.
Pre-tests and post-tests were administered to
eighty-two classrooms.

Twelve post-tests were not

returned or could not be matched with a pre-test.

This

resulted in a sample population of 70 classrooms or 85%
of the original population.

There were 1879 student

participants and the mean class size was 27 students
(range 13 to 37).

Subjects volunteered from 50 private

and 20 public schools.

Fifty-eight teachers taught in

city schools and 12 taught in suburban school settings
(see Table 2).
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Table 2

BREAKDOWN OF PARTICIPANTS
Type of Participant
Direct

Indirect

Comparison

Total

Grade

3
4
5
6
7
8
TOTAL

4
1
3
7
4
3

5
5
6
3
2
0

0
8
7
3
4

s

14
16
13
10
8

22

21

27

70

16
6

14
7

20
7

50
20

22

21

27

70

18
4

17

23

4

4

58
12

22

21

27

70

9

School
Private
Public
TOTAL
Location
City
Suburban
TOTAL
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Experimental Groups
Twenty-two classrooms were direct MCIP/89
participants.

The direct treatment experimental group

consisted of twenty-two classes taught by_teachers
participating in MCIP/89.

These teachers attended the

two problem-solving sessions within the six staff
development workshops held at Loyola University in
Chicago.
Twenty-one classrooms were indirect MCIP/89
participants.

One of the components of MCIP was

on-site training.

Each direct participant was required

to train at least three colleagues in MCIP activities.
The indirect experimental group consisted of twenty-one
classes taught by teachers recruited by the
participants.

These participants were trained in MCIP

activities by a direct participant from their school.
Comparison Group
The comparison population was developed to
mirror the teacher population, which includes teachers
who do and do not participate in professional
development opportunities.

Twenty-seven classrooms

were used as the comparison group.

Thirteen classrooms

were taught by teachers in the experimental schools who
did not participate in MCIP/89.

Seven classrooms were

taught by teachers who were participants in the Chicago
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Archdiocese's 1989 Math and Science Workshop.

Seven

classrooms were taught by teachers who had the
opportunity to attend the 1989 Math and Science

.

Workshop but chose not to participate in this workshop
or in MCIP/89.

Design of the Study
The study used a pre-test, post-test,
quasi-experimental design.
the classroom.

The unit of analysis was

Classroom mean scores were tabulated

and analyzed using three methods: a

(3X6) univariate

analysis of variance on difference scores witp level of
participation (Direct MCIP, Indirect MCIP, Comparison
Group) and grade as the independent variables, a (3X6)
analysis of covariance with level of participation and
grade as the dependent variables, and a comparison of
the MCIP/89 dpta to data from the 1986 National
Assessment of Educational Progress using inferences on
proportions.
A teacher questionnaire and three forms of a
five-item student test were used to obtain the data.
(See Appendix A).

The problem-solving achievement

instrument was designed from released items from the
National Assessment of Educational Progress (NAEP) at
the 250, 300, and 350 levels:
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Level 250
Basic Operations and Beginning Problem Solving
Learners at this level have an initial
understanding of the four basic operations. They
are able to apply whole number addition and
subtraction skills to one-step wo~d problems and
money situations.
In multiplication, they can find
the product of a two-digit and a one-digit number.
They can also compare information from graphs and
charts, and are developing an ability to analyze
simple logical relations.
·
·
{Dossey et al., 1988, p. 31)
Level 300
Moderately Complex Procedures and Reasoning
Learners at this level are developing an
understanding of number systems. They can compute
with decimals, simple fractions, and commonly
encountered percents. They can identify geometric
figures, measure lengths and angles, and calculate
areas of rectangles.
These students are also able
to interpret simple inequalities, evaluate
formulas, and solve simple linear equations. They
can find averages, make decisions on information
drawn from graphs and use logical reasoning to
solve problems.
They are developing the skills to
operate with signed numbers, exponents, and square
roots.
{Dossey et al., 1988, p. 31)
Level 350
Multi-step Problem Solving and Algebra
Learners at this level can apply a range of
reasoning skills to solve multi-step problems.
They can solve routine problems involving fractions
and percents, recognize properties of basic
geometric figures, and work with exponents and
square roots.
They can solve a variety of two-step
problems using variables, identify equivalent
algebraic expressions, and solve linear equations
and inequalities. They are developing an
understanding of functions and coordinate systems.
{Dossey et al., 1988, p. 31)
Each student test consisted of five
multiple-choice problems.

Four problems were taken

from the NAEP released items.

The fifth item was MCIP
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developed.

Three forms of the test were designed and

distributed randomly throughout each classroom.

Each

form contained one NAEP 250 level problem, one NAEP 300
level problem, two NAEP 350 level problems, and one
MCIP problem.

These problems represented the areas of

algebra, data collection and graphing, and two-step·
problems.

The reliability of the instrument was .83.

Procedures
First MCIP Workshop and Pre-test Distribution
MCIP/89 began on March 4, 1989.

Five

nontraditional problem solving activities were
introduced to the participants.

Nontraditional

problems were defined as problems having more than one
correct solution.

Variations of each problem were also

illustrated to show the participants that these
problems could be introduced at any grade level.
Examples of the five problems include:
Problem #1 - Create An Address Number
(Cook, 1989, p. 22)
The house address has three digits.
All three digits are different.
The sum of the digits is 12.
The number is larger than 480.
What could the house number be?
List all the possible numbers.
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Solution: Twenty-four different address numbers
can be formed: 903, 930, 921, 912, 840, 804, 831,
813, 750, 705, 741, 714, 723, 732, 651, 615, 642,
624, 561, 516, 543, 534, 570, 507 .

.

Problem #2 - How Many Ways Are There To Make $.28?
I have $.28 in my pocket.
coins could I have?
Solution:
formed:

Thirteen possible combinations can be

quarters

dimes

1.
2.
3.
4.

nickels

:eennies

5
4

s.

6.
7.
8.
9.
10.
11.
12.
13.

What combination of

2
2
1
1
1
1
0

1

3
2
1
1
0
3
2
1
0
0

28
3
8
13
18
23
3
8
3
8
13
18
3

Problem #3 - Word Bank
If alphabet letters are assigned the following
dollar amounts, a=$1, b=$2, c=$3 ... z=$26, can you
find a word that when multiplied is worth exactly
$60 dollars?
Solution:
do.

Three possible words include: cat, ale,

Problem #4 - Area and Perimeter Problems
A rectangle has an area of 36 square units. What
possible size perimeters could it have if all the
sides are whole numbers?
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Solution: Five different perimeters could be
formed: 74 units, 40 units, 30 units, 26 units, 24
units.
Problem #5 - Have You Breathed A Million Breaths?
Have you breathed a million breaths in your
lifetime? If so, when did you breathe your
millionth breath? If not, when w~ll you?
Solution: A variety of solutions can be found
depending on the person's age, state of health,
and/or activity level.
In nontraditional problems, students find that a
variety of correct solutions are possible.

Students

also discover that different strategies can be used to
arrive at a solution.

This is unlike many of the

problems students encounter in their mathematics
textbooks.

Textbook problems usually focus on the use

of a standard algorithm.

Therefore, this first

problem-solving workshop allowed the teachers to
practice solving nontraditional problems before
assigning them to their students.
At the end of the workshop the participants were
asked to administer the five-item test instrument to
their own classroom, to one of their trainee's
classrooms, and to a classroom where the teacher did
not use any MCIP activities.
to non-MCIP schools.

Pre-tests were delivered

Pre-tests were administered

during the week of March 8th-12th.
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After administrating the pre-tests, the
participants were asked to introduce all five
nontraditional problems learned during the first
.
workshop to their trainees.
In keeping with the
literature on effective staff development programs, all
were asked to choose at least two problems presented
and implement them into their classroom before the next
workshop eight weeks later.
Second MCIP Workshop and Post-test Distribution
The second workshop on May 6, 1989 introduced
the participants to problem solving techniques for
traditional problem-solving activities.

Traditional

problems were defined as the standard one-solution word
problems, found in many elementary school mathematics
textbooks.

Twelve strategies for solving problems were

discussed.

These included:

1)

Look for patterns.

2)

Draw a diagram or picture.

3)

Make a model.

4)

Construct a table or graph.

5)

Guess and check.

6)

Account for all possibilities.

7)

Act it out.

8)

Write a mathematical sentence.
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9)

Break a problem into smaller parts.

10)

Restate the problem.

11)

Identify wanted/given information .

12)

Break set, or change your point of view.
(Kennedy & Tipps,- 1988, p. 115)

.

Each traditional problem was pr~sented using one
or more of the above strategies.

The problems

introduced during this session were obtained from
Kennedy and Tipps' book Guiding Children's Learning of
Mathematics:
Problem #1 - The Dog Kennel (p. 121)
John and Joe owned 4 dogs jointly. John owned 3
himself. Altogether they had 12 dogs in a kennel.
How many did each have?
Solution:

John owned 3 dogs and Joe owned 5 dogs.

Problem #2 - Cycle Riders (p. 122)
I counted 7 cycle riders and 19 cycle wheels go
past my house Saturday morning. How many bicycles
and how many tricycles passed my house?
Solution: There were 2 bicycles and 5 tricycles
ridden by the 7 riders.
Problem #3 - Stamp Collectors (p. 122)
Marcia has three times as many stamps as her
brother.
If her brother had 8 more stamps, they
would have the same number of stamps. How many
stamps does Marcia have?
Solution:
4 stamps.

Marcia has 12 stamps and her brother has
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Problem t4 - Two Unique Rectangles (p. 124)
There are only 2 rectangles whose sides have
measures that are whole numbers and whose area and
perimeter are the same number. What are they?
Solution: The two rectangles are a six-by-three
rectangle and a four-by-four rectangle.
Problem ts - The Ice Cream Parlor (p. 125)
An ice cream
6 flavors of
combinations
children can

parlor has 4 flavors of ice cream and
topping. Are there enough
of ice cream and topping so that 19
each have a different sundae?

Solution:
There are 24 different sundaes that can
be made, so there are enough for 19 children.
Problem t6 - Horse Trading (p. 126)
A woman buys a horse for sixty dollars, sells it
for seventy dollars, buys it back for eighty
dollars, and then sells it for ninety dollars.
How
much money does the woman make or lose in the
horse-trading business?
Solution:
dollars.

The woman had a net profit of twenty

Problem t7 - Airplane Trip (p. 127)
An airplane flew from San Francisco to Los Angeles
(347 miles), from Los Angeles to El Paso (701
miles), from El Paso to Houston (676 miles), and
from Houston to New Orleans (318 miles). How far
did the airplane fly?
Solution:

The airplane flew 2042 miles.

Problem #8 - Wine and Cork (p. 128)
A bottle of corked wine costs ten dollars.
The
wine is valued at nine dollars more than the cork
and bottle. What is the value of the wine?
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Solution:

The wine's value is $9.50.

Problem #9 - The Farmer's Trees (p. 129)
A farmer planted 10 trees in 5 rows of 4 trees
each. How did she do this?
Solution: The farmer planted the trees in a star
formation.
The participants were again asked to introduce
the problem-solving activities and strategies to their
trainees.

All were asked to continue implementing at

least two problem-solving activities in their
classrooms.

At the end of the workshop, post-tests

were distributed.

Post-tests were again delivered to

non-MCIP schools.

Post-tests were administered three

weeks after this workshop during May 22nd to May 30th.

Treatment Verification
There were a number of methods of treatment
verification for both the direct and indirect
participants.

Data were collected from classroom

visitations, tape recorded lessons, activity logs, and
small group sharing sessions.
Classroom visitations were conducted by MCIP
staff.

Staff members observed the participants'

classrooms during a presentation of an MCIP/89
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activity.

Observation forms were used to identify and

record specific components of the lesson.
Audio tapes were used by participants to tape
record two classroom presentations of MCIP/89
activities.

The same observation forms that were used

for classroom observations were used to identify and
record specific aspects of the lesson.
Activity logs were kept by the participants and
detailed the activities used throughout the MCIP/89
staff development program.

The logs contained notes on

their training sessions, the problems used in their
classroom and their trainees' classrooms, comments on
the strengths and weaknesses of the activities, and
samples of student work.
Small group sharing sessions were conducted by
the MCIP staff.

Staff members led the participants in

discussions focused on the strengths and weaknesses of
the participants' training sessions, what activities
the participants, trainees, and students liked and/or
disliked, and suggestions and ideas for future
activities.

The information obtained during these

small group sessions was shared with all participants
during a large group session.
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Data Analysis
The SAS, SPSSX, and BMDP programs and the
mainframe computer at Loyola University of Chicago were
used to analyze all research questions.

The following

quantitative tests and statistics were used to analyze
the research data, check for comparisons, determine·
significance, and provide valuable information to
better understand the research questions:
1. frequency tabulations
2. crosstabs
3. univariate analysis of variance
4. analysis of covariance
5. inferences on proportions

Summary of the Study
The research, reports, and literature that were
described in Chapter II of this study indicate that
there is a need for the reform of mathematics
instruction.

One document, Curriculum and Evaluation

Standards for School Mathematics, from the National
Council of Teachers of Mathematics, gives
recommendations for the reform of mathematics
instruction in the 1990s.

The problem-solving standard

of this document was used in this study.

It was

applied to the Mathematics Curriculum Improvement
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Project (MCIP), a staff development program focused on
mathematics.
Participants were asked to pre-test their
classrooms and one of their colleagues' classrooms in
the area of problem solving.

The participants then

participated in the first MCIP/89 problem-solving
workshop.

During the next eight weeks, participants

trained at least three colleagues in five workshop
activities.

Participants and trainees implemented at

least two activities in their classrooms.

Participants

then attended the second problem-solving workshop.
During the next three weeks, participants trained their
colleagues in five additional workshop activities.
Again, participants and trainees implemented at least
two activities in their classrooms.

Post-test data

were collected using the same instrument after the
eleven week implementation period.

An analysis of the

data was performed to compare the results.

The

description and analysis of the data is presented in
Chapters IV and V of this study.

This analysis of the

data will indicate if a staff development program can
lead to improved student achievement in mathematics
problem solving.

It will further indicate if teachers

trained in problem solving can work with their faculty
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to improve student achievement in mathematics problem
solving in their school.

CHAPTER IV

RESULTS

Introduction
One of the goals of the 1989 Mathematics
Curriculum Improvement Project (MCIP/89) was to
introduce its participants to the National Council of
Teachers of Mathematics document, Curriculum and
Evaluation Standards for School Mathematics.

This

document was designed to guide mathematics instruction
in the 1990s.

The problem-solving standard of this

document was the focus of MCIP/89.
An important component of MCIP is staff
development activity.

Each MCIP participant is

required to train at least three colleagues in MCIP
activities.

MCIP empowers teachers to improve the

quality of mathematics instruction at their schools.
The purpose of this study was to explore the

power of a staff development program to improve student
achievement in problem solving.
were designed for this study:
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Two research questions
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1) Will students' achievement in problem solving
improve if their teachers are direct
participants in a staff development program on
problem solving?
2) Will students' achievement in problem solving
improve if their teachers are indirect
participants in a staff development program on
problem solving (i.e. trained by a direct
participant)?
These questions are discussed simultaneously in this
chapter to provide a comprehensive interpretation of
the data.

Effect of Staff Development on Student Achievement
To test the effect of the 1989 Mathematics
Curriculum Improvement Project (MCIP/89) on student
achievement, three analyses were performed: a

(3 X 6)

univariate analysis of variance on difference scores,
with level of participation and grade as the
independent variables; a

(3 X 6) analysis of covariance

on post-test scores with level of participation and
grade as the dependent variables; and a comparison of
the MCIP/89 data to data from the 1986 National
Assessment of Educational Progress using inferences on
proportions.

As often happens with staff development
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research and its association with volunteer populations
in a naturalistic setting, the pre-test scores are
significantly different between groups; therefore, the
post-test scores were adjusted for the pre-test in the
analysis of covariance.
The test instrument consisted of, three forms of
a five-item student test in the area of problem
solving.

Questions one through four on each of the

three forms were taken from National Assessment of
Educational Progress (NAEP) released items.

The fifth

question on each form was developed to fit the content
of the MCIP/89 workshops (see Appendix A).

The

classroom mean score was determined by calculating the
average number of correct responses to each question on
each of the three test forms.

These three mean scores

were then averaged to get the classroom mean score for
each level (see Table 3).

Sources of variation

examined were level of participation (Direct MCIP,
Indirect MCIP, Comparison Group), grade, and level of
participation X grade.

Comparison of the MCIP/89 Results to the Results of the
1986 National Assessment of Educational Progress
The National Assessment of Educational Progress
(NAEP) provides a report of student achievement in many
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subject areas.

In 1986, NAEP assessed the proficiency

of 9-, 11-, and 13-year-olds in the area of mathematics
throughout the United States.

The MCIP/89 study used

an instrument which contained NAEP items for the
purpose of secondary analysis which will indicate how
this study's population compared to that of the NAEP's
1986 assessment of students across the nation.

In this

comparison, NAEP results of 9-year-olds will be
compared to the results of MCIP/89 third graders, and
NAEP results of 11-year-olds will be compared to
MCIP/89 results of seventh graders.
Table 4 shows the percentage of NAEP
participants that are at or above the tested
proficiency level in 1986 for the national and central
testing regions.

The central testing region was

included because Illinois students are a subset of this
population.

In addition to this data, post-test scores

for MCIP/89 third and seventh grade direct, indirect,
and comparison participants are included.
Level 250
"Students performing at or beyond Level 250 on
the proficiency scale have developed a surface
understanding of the four basic operations and are
beginning to acquire more developed reasoning skills"
(Dossey et al., 1988, p. 36).

In the 1986 assessment
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less than one-quarter of the 9-year-olds in the
national or central testing regions were able to attain
this level.

Thirteen-year-olds performed much better.

Almost three-quarters of these students were able to
correctly solve problems at this level.

In addition,

these results indicate that almost one-fourth of the
students assessed do not possess the skills in
computation needed to carry-out everyday tasks.
On a subset of NAEP problems used in the MCIP/89
instrument, two-thirds of the MCIP's third grade
direct, and over four-fifths of its indirect
participants, correctly solved problems at this level.
Seventh grade results indicate that almost 98% of the
direct and 89% of the indirect participants were
successful.

Less than three-quarters of the comparison

group were able to solve these problems.
Level 300
"Students performing at or above Level 300
demonstrate more sophisticated numerical reasoning, and
are beginning to draw from a wide range of mathematical
skill areas, including algebra and geometry" (Dossey et
al., 1988, p. 39).

In 1986, less than 1% of the

9-year-olds and 16% of the 13-year-olds were able to
perform at or above this level which showed a decrease
from previous assessments.

NAEP notes that the skills
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students need to answer items at Level 300 may be too
advanced for 9-year-olds, but the 13-year-olds did not
reach higher levels of proficiency.

.
MCIP participants scored above the national and
central region percentages for Level 300.

At the third

grade level, less than one-tenth of the direct
participants were successful while almost two-fifths of
the indirect participants correctly solved these
problems.

At the seventh grade level almost two-thirds

of the direct, compared to a little over one-third of
the indirect and comparison participants, were able to
correctly answer Level 300 problems.
Level 350
"Students performing at Level 350 demonstrate
the capacity to apply mathematical operations in a
variety of problem settings" (Dossey et al., 1988, p.
42).

NAEP results indicate no 9-year-olds and less

than one-half of 1% of the 13-year-olds reached this
proficiency level.

Past data from previous assessments

indicate that these results have remained constant
since 1978.
There were two questions on this study's
instrument that contained Level 350 problems.

Question

#3 contained three different problems, one per form.
Question #4 contained the same problem on all three
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forms.

This problem was selected for all forms because

it was a unique variation of a problem presented during
an MCIP/89 workshop.
On question #3, while NAEP results indicated
that no 9-year-olds attained this proficiency level,
over one-third of the MCIP third grade direct and
indirect participants were able to answer these
problems.

At the seventh grade level, over 40% of the

MCIP direct and over 30% of its indirect participants
were successful.

Less than 25% of the comparison group

correctly solved these problems.
Results of question #4 were also higher for the
MCIP participants than the NAEP percentages for all
participants.

Over 10% of the direct participants and

almost 30% of the indirect participants in the third
grade were able to solve this problem.

In the seventh

grade, almost one-half of the direct and less than
one-third of the indirect and comparison participants
were successful.

This analysis shows that upon completion of the
post-test, the participants in this study were at or
above the level of national and central region
proficiency described in the 1986 NAEP assessment.
While these scores indicate that the MCIP populations
were indeed higher than the NAEP populations, it also
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indicates that the direct and indirect staff
development populations were at or above the comparison
populations' percentages at the seventh grade level.
In addition, in every third grade comparison, while
there were no comparison participants, the indirect
group was shown to outscore the direct population.
These results may indicate that partici~ation in the
MCIP/89 staff development program led to these
increased scores.

They also indicate that, with

guidance and support, teachers can offer a more
challenging curriculum earlier in a student's
education.
In addition to this analysis, an analysis was
performed to compare the p values for questions one
through four on the test instrument.

The p value of

the norm group was used as a parameter for a
standardized normal distribution to test for equality
of proportions.

Table 5 shows that the MCIP population

was significantly different than the national and
central NAEP populations for every question at the
third grade level.

At the seventh grade level, the

MCIP population was significantly different than the
NAEP populations at the national and central levels for
questions two through four.

Question one showed the

MCIP direct and indirect populations to be
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significantly different.

The MCIP comparison group was

not significantly different than the NAEF populations
for this question.
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Table 3

MEAN SCORES
Question 1 --- Level 250 Problems
DIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N

4
1
3
7
4
3

Pre-test
55.92
36.33
62.67
83.71
93.50
92.22

22

76.58

Post-test
65.58
72.67
74.33
83.14
97.83
82.02

Adjusted
74.03
8 9 .·o 6
80.04
80.30
91.02
84.71

Difference
9.67
36.33
11.67
-.57
4.33
5.44
5.44

82.02

INDIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
5
7
3
2
0

Pre-test
68.08
62.73
80.62
87.67
85.83

21

75.48

Post-test
85.58
74.33
77.57
91. 44
89.00

Adjusted
89.09
80.01
75.99
87.00
85.30

81. 40

Difference
17.50
11.60
-3.04
3.78
3.17
5.92

COMPARISON GROUP
Grade
3
4
5
6
7
8
Overall

N

0
8
7
3
4
5
27

Pre-test

Post-test

Adjusted

75.92
81. 62
84.78
78.08
97.87

66.79
79.10
93.11
73.33
93.27

67.12
77.11
89.84
72.78
84.68

82.77

78.78

Difference
-9.13
-2.52
8.33
-4.75
-4.60
-3.99
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Table 3 (cont.)

MEAN SCORES
.
Question 2 --- Level 300 Problems
DIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
1
3
7
4
3

Pre-test
4.75
22.00
7.56
30.33
52.08
71.00

22

31.70

Post-test
8.50
8.33
33.67
40.45
64.42
58.78

Adjusted
23.84
14 .·19
47.46
41.32
53.74
37.70

Difference
3.75
-13.67
26.11
9.71
12.33
-12.22
7.28

38.98

INDIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
5
7
3
2
0

Pre-test
33.58
11.67
33.71
36.78
33.33

Post-test
38.50
22.40
31. 71
37.11
46.33

28.84

32.95

21

Adjusted
37.99
33.94
31.13
34.84
45.96

Difference
4.92
10.73
-2.00
.33
13.00
4.11

COMPARISON GROUP

Grade
3
4
5
6
7
8
Overall

N
0
8
7
3
4
5

27

Pre-test

Post-test

Adjusted

Difference

18.67
31.52
40.33
41. 42
53.73

20.79
17.71
47.78
39.08
54.47

28.48
18.34
43.56
34.27
42.88

-9.13
-2.52
8.33
-4.75
-4.60

34.27

31.94

-2.33
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Table 3 (cont.)

MEAN SCORES
Question 3 --- Level 350 Problems
DIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
1
3
7
4
3

Pre-test
22.25
11. 00
35.89
24.76
34.58
33.00

Post-test
33.67
21.00
29.44
25.86
43.33
35.89

28.10

32.09

22

Adjusted
33.99
21.'98
28.98
26.04
42.94
35.59

Difference
11.41
10.00
-6.44
1.10
8.75
2.89
3.98

INDIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4

5
7
3
2
0

Pre-test
28.00
20.00
26 .57
29.89
43.33

Post-test
39.08
27.27
27.52
27.44
32.00

27.35

30.08

21

Adjusted
39.08
27.72
27.60
27.33
31.10

Difference
11.08
7.27
.95
-2.44
-11.33
2.73

COMPARISON GROUP
Grade
3
4
5
6
7
8
Overall

N
0

Pre-test

Post-test

Adjusted
28.61
25.97
37.14
26.78
21. 71

7
3
4
5

26.70
19.33
23.56
27.42
39.73

28.54
25.48
36.89
26. 75
22.40

27

26.96

27.27

8

Difference
1. 83

6.14
13.33
-.67
-17.33
.31
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Table 3 (cont.)

MEAN SCORES
Question 4 --- Level 350 Problem
DIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
1
3
7
4
3

Pre-test
11. 92
19.00
7.11
17.71
34.50
52.44
23.06

22

Post-test
12.83
20.00
12.89
31.29
46.75
45.11

Adjusted
18.60
20:01
22.03
33.00
36.71
22.50

29.60

Difference
.91
1.00
5.77
13.57
12.25
-7.33
6.55

INDIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
5
7
3
2
0

Pre-test
16.17
10.60
16.48
15.00
8.50

21

14.05

Post-test
29.08
18.07
29.43
33.22
31.00

Adjusted
31. 88
24.76
32.01
36.83
39.16

27.35

Difference
12.92
7.47
12.95
18.22
22.50
13.30

COMPARISON GROUP
Grade
3
4
5
6
7
8
Overall

N
0
8
7
3
4
5
27

Pre-test

Post-test

Adjusted

14.04
13.71
23.22
29 .58
32.53

12.00
17.33
34.56
31.58
35.27

16.28
21. 85
32.41
24.98
26.60

20.70

23.10

Difference
-2.04
3.62
11. 33
2.00
2.73
2.40
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Table 3 (cont.)

MEAN SCORES
Question 5 --- MCIP Problems
DIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
1
3
7
4
3

Pre-test
1.17
0.00
5.11
3.33
16.25
19.56

22

Post-test
1.08
0.00
10.67
5.38
14.83
7.22

7.59

Adjusted
3.24
2~10
10.97
6.52
9.92
.76

7.05

Difference
-.08
0.00
5.56
2.05
-1.42
-12.33
-.55

INDIRECT MCIP PARTICIPATION
Grade
3
4
5
6
7
8
Overall

N
4
5
7
3
2
0

Pre-test
6.67
5.13
2.81
5.00
5.83

21

4.70

Post-test
9.67
2.00
1.81
5.78
5.17

Adjusted
9.24
2.30
3.19
6.14
5.13

4.24

Difference
3.00
-3.13
-1.00
.78
-.67
-.46

COMPARISON GROUP
Grade
3
4
5
6
7
8
Overall

N
0
8
7
3
4
5
27

Pre-test

Post-test

1.58
1. 62
10.22
2.67
5.27

4.08
5.81
15.78
3.17
8.67

3.40

6.54

Adjusted
6.04
7.75
13.69
4.62
8.90

Difference
2.50
4.19
5.56
.50
3.40
3.15
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Table 4

COMPARISON OF NAEP AND MCIP SCORES

Level of
Proficiency/
Age/Gr
Question I
250/fl
300/12
350/13
350/14

*

NAEP
National Central Direct

MCIP
Indirect Comparlson

9/3rd
1117th

20.8
73.1

24.8
71.2

65.6
97.8

85.6
89.0

73.3

9/3rd
1117th

0.6
15.9

0.9
12.6

8.5
64.4

38.5
37.1

39.1

9/3rd
1117th

0.0
0.4

0.0
0.2

33.7
43.3

39.1
32.0

26.8

9/3rd
1117th

0.0
0.4

0.0
0.2

12.8
46.8

29.1
31.0

31. 6

There was no MCIP comparison group for grade 3.

*
*
*

*
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Table 5

INFERENCES ON PROPORTIONS
3rd Grade Population

Level of Significance
NAEF PERCENTAGES
National
Central

Level of
Proficiency/
Question f

Level of
MCIP
Participation

250/U

Direct
Indirect
Comparison

.001
.001

.001
.001

*

*

Direct
Indirect
Comparison

.001
.001

.001
.001

*

*

Direct
Indirect
Comparison

.001
.001

.001
.001

*

*

Direct
Indirect
Comparison

.001
.001

.001
.001

*

*

300/f2

350/13

350/H

* There was no MCIP comparison group for grade 3.
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Table 5 (cont.)

INFERENCES ON PROPORTIONS
7th Grade Population

Level of
Proficiency/
Question f

Level of
MCIP

Participation

Level of Significance
NAEP PERCENTAGES
National
Central

250/U

Direct
Indirect
Comparison

.001
.05
NS

.001
.01
NS

300/f2

Direct
Indirect
Comparison

.001
.001
.001

.001
.001
.001

350/B

Direct
Indirect
Comparison

.001
.001
.001

.001
.001
.001

350/H

Direct
Indirect
Comparison

.001
.001
.001

.001
.001
.001

NS= Non-significant results
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Univariate Analysis of Variance
The first question on each of the three forms
was at Level 250.

As defined by NAEP, Level 250

problems are categorized as problems dealing with
"Basic Operations and Beginning Problem Solving".

The

findings in Table 6 reveal that the effects for level
of participation and for level of parti~ipation X grade
were statistically significant (p<.05).

Of the five

test questions studied, the interaction of
participation X grade was statistically significant for
this question only.

Questions two through five had no

statistically significant results.
Figure 1 shows a disordinal interaction of
difference scores for question one.

At the 250 Level,

the MCIP staff development program made a significant
difference for grades three and four.

In grade three,

there was no significant difference in pre-test scores
between the direct participants (mean= 55.92) and the
indirect participants (mean= 68.08).

Post-test scores

indicated that the indirect participants' classrooms
(mean= 85.58) made a significant increase in their
post-test scores as compared to the direct
participants' classroom (65.58).

The mean score for

the direct participants' classroom increased 9.67
points while the indirect participants' mean score
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increased 17.50 points.
participants.

Grade three had no comparison

In grade four there was a significant

difference in pre-test scores for the direct MCIP
participants (mean= 36.33) as compared to the indirect
MCIP participants (mean= 62.73) and the comparison
group (mean= 75.92).

After treatment, there was no

significant difference between groups.

The direct MCIP

group made a significant gain in their post-test scores
(mean= 72.67).

This analysis indicates that the MCIP

staff development program made a significant difference
in student achievement at the 250 Level for grades
three and four.

There were no significant differences

found in grades five through eight.
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Table 6

UNIVARIATE ANALYSIS OF VARIANCE
Question 1 --- Level 250 Problem
Source
Participation
Grade
Part. * Grade
Error

OF

PR> F

Type III
Squares

Mean
Squares

Value

2
5
8

1147.160
1277.541
2773. 736

573.580
255.508
346. 717

3.60
1. 60
2.17

54

8612.784

159.496

F

0.0342
0.1753
0.0441

Question 2 --- Level 300 Problem
Source
Participation
Grade
Part. * Grade
Error

Type III
Squares

Mean
Squares

Value

2
5
8

337.384
861.362
4023.418

168.692
172.272
502. 927

0.55
0.56
1. 63

54

16695.283

309.172

OF

F

PR> F
0.5826
0.7322
0.1389

Question 3 --- Level 350 Problem
Source
Participation
Grade
Part. * Grade
Error

OF

Type III
Squares

Mean
Squares

Value

2
5
8

261.249
1684.216
2094.304

130. 625
336.843
261.788

0.66
1. 70
1.32

54

10725.450

198.582

F

PR> F
0.5221
0.1513
0.2545
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Table 6 (cont.)

UNIVARIATE ANALYSIS OF VARIANCE
Question 4 --- Level 350 Problem
Source
Participation
Grade
Part. * Grade
Error

OF

III
Squares

Mean
Squares

Value

2
5
8

1101.662
1364.694
525.843

550.831
272. 939
65.730

2.05
1.02
0.24

54

14508.011

268.667

Type

F

PR> F
0 .1386
0.4175
0.9802

Question 5 --- MCIP Question
Source
Participation
Grade
Part. * Grade
Error

OF

Type III
Squares

Mean
Squares

Value

2
5
8

301. 258
420.206
379.096

150. 629
84.041
47.387

2.00
1.12
0.63

54

4060.341

75.192

F

PR> F
0.1448
0.3620
0.7488
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Figure 1

DIFFERENCE SCORES
Question l --- Level 250 Prqblems
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Analysis of Covariance
In order to further address the two research
questions, additional analyses were run using an
analysis of covariance.

In this analysis (see Table

7), the dependent variable was post-test scores.
Post-test scores were the covariate with the covariate
factors being level of participation (Direct MCIP,
Indirect MCIP, and Comparison Group), grade, and level
of participation X grade.

The analysis of covariance

for question one revealed that the covariate was
statistically significant; however, the subsequent
results revealed no significance for the covariate
factors.

The same results were found for questions

two, four, and five.
In question three, the covariate was not
statistically significant.

Level of participation,

grade, and level of participation X grade also reported
non-significant results.
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Table 7

ANALYSIS OF COVARIANCE
Question 1

Level 250 Problem

Source

Sum of
Squares

DF

Mean
Squares

F
Value

Within Cells
Regression
Participation
Grade
Part. * Grade

5447.91
1476.87
20.61
709.87
1697.11

53
1
2
5
8

102.79
1476.87
10.30
141. 97
212.14

14.37
.10
1.38
2.06

Question 2
Source
Within Cells
Regression
Participation
Grade
Part. * Grade

Signif ic.ance
of F
.000
.905
.246
.056

Level 300 Problem

Sum of
Squares

DF

Mean
Squares

F
Value

13697.11
4465.77
6.48
1485.86
2796.57

53
1
2
5
8

258.44
4465.77
3.24
297.17
349.57

17.28
.01
1.15
1.35

Question 3

Significance
of F
.000
.988
.346
.239

Level 350 Problem

Source

Sum of
Squares

DF

Mean
Squares

F
Value

Within Cells
Regression
Participation
Grade
Part. * Grade

5615.19
19.34
26.63
668.42
1184. 96

53
1
2
5
8

105.95
19.34
13.32
133.68
148.12

.18
.13
1.26
1. 40

Significance
of F
.671
.882
.294
.219
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Table 7 (cont.)

ANALYSIS OF COVARIANCE
Question 4

Source
Within Cells
Regression
Participation
Grade
Part. * Grade

Level 350 Problem

Sum of
Squares

DF

13441. 33
5823.98
138.15
1110. 04
391. 42

53
1
2
5
8

Mean
Squares

Value

253.61
5823.98
69.08
222.01
48.93

22.96
.27
.88
.19

F

Significance
of F
.000
.763
.504
.991

Question 5 --- MCIP Question

Source

Sum of
Squares

DF

Mean
Squares

F
Value

Within Cells
Regression
Participation
Grade
Part. * Grade

3353.95
548.61
102.59
148 .43
407.32

53
1
2
5
8

63.28
548.61
51.30
29.69
50.92

8.67
.81
.47
.80

Significance
of F
.005
.450
.798
.601
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Analysis of the Results
It may be concluded from the analyses that the
level of participation in MCIP/89 did not provide a
statistically significant treatment to improve
problem-solving performance except for grades three and
four at the NAEP 250 Level.

Although·results of this

study were not conclusive, Table 3 (pg. 82) does
support that many of the classrooms exposed to the MCIP
problem-solving strategies, both directly and
indirectly, did show greater gains in problem-solving
performance than their comparison counterparts.
Although the treatment was not strong enough to show
significance, gains were evident, and a teacher's
participation in a staff development program, whether
directly or indirectly, should be considered by
administrators, curriculum leaders, and staff
developers when new instructional methods and
strategies need to be implemented at the classroom
level.
Using the NAEP national and central percentages
as a comparison group, an analysis of inferences on
proportions found statistically significant results at
both the third and seventh grade levels (see Table 5,
pg. 88).

This analysis indicates that the MCIP

population, except for the 7th grade MCIP comparison
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group at the NAEF 250 Level, performed at a higher
percentage than the NAEP population.

The results

indicate that additional studies of this nature need to
be conducted.
In addition to the data obtained from the test
instrument, anecdotal data was gathered during and at
the conclusion of this investigation.

This data

collected from the direct MCIP/89 participants
consisted of written feedback on their in-service
sessions with trainees, classroom implementation plans
of MCIP ideas and strategies, and comments of the
problems used.

This data indicated that 100% of the

direct MCIP/89 participants felt that problem solving
is an important concept in elementary school
mathematics programs.

Ninety-three percent indicated

that they liked incorporating problem-solving
activities into their classrooms.

But, even after

participating in MCIP/89, 31% remarked that they felt
the concept of problem solving was a very difficult one
to teach.

Even with a strong staff development

program, such as MCIP/89 which focused on problem
solving and was guided by the current staff development
research, almost one-third of the participating
teachers did not feel comfortable or ready to make
curricular changes in their own classroom in the area
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of problem solving.

Focusing on the use of the NCTM's

Standards, direct participants indicated that this
document played a major role in the instructional plans
of 81% of their classrooms, 44% of their trainees'
classrooms, and 50% of their school in-service
sessions.
In general, participants indicated that MCIP/89
reinforced and reaffirmed the importance of what should
be taught in elementary school mathematics programs.
As one participant stated, "the MCIP workshops gave me
a fresh approach to teaching".

Participants indicated

that they also enjoyed the diversity of the materials
and ideas presented, as well as the opportunity to
share these materials and ideas with their colleagues
at their schools.

The quality of the training

sessions, the multiple session format, teacher sharing
sessions, active hands-on activities, feedback and
follow-up sessions, and teacher stipends were
identified by participants as the major $trengths of
MCIP/89.

It is interesting to note that these

strengths correspond to the research on successful
staff development programs (Harrison, 1980, Joslin,
1980).

CHAPTER V

DISCUSSION

Introduction
The purpose of this study was to investigate the
power of staff development to improve student
achievement.

In doing so, this study was to provide

the mathematics education community with specific data
regarding the link between staff development and
student achievement in the area of mathematical problem
solving.

The Curriculum and Evaluation Standards for

School Mathematics (Standards), a document published by
the National Council of Teachers of Mathematics (NCTM),
was used as a foundation for the 1989 Mathematics
Curriculum Improvement Project (MCIP/89).
Given that implementation of the NCTM Standards
will require some degree of training, a staff
development model was designed to investigate the
ability of a "train-the-trainer" model to improve
student achievement in mathematical problem solving.
One group of teachers worked with university faculty.
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These teachers were expected to train at least three
colleagues from their schools.

A random sample of the

trainees was designated as the indirect staff
development group.

The idea was to find a

cost-effective way to help teachers implement the
change in teaching required by the Standards.

It was

this staff development program, MCIP/89, that was the
focus of this study.
In March and May of 1989, MCIP staff conducted
two workshops within the six session MCIP which focused
on traditional and nontraditional problem-solving
activities.

Three forms of a five item pre-test, using

released items from the National Assessment of
Educational Progress (NAEP), were randomly administered
to two treatment groups and a control group before
implementation of the first session's activities.
Participants were instructed to implement at least four
strategies learned during the two MCIP problem-solving
sessions during the eleven week implementation period.
After this implementation period, the same forms of the
test were used as a post-test.

Analyses were performed

to determine if there was a change in classroom
achievement scores as compared to the level of
participation in the staff development program.
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Findings and Conclusions
The most important finding from this
investigation of staff development on student
achievement is how difficult it is to.teach problem
solving.

Educators will have to change their

expectations of how easy it will be to implement the
NCTM's problem solving standard into the elementary
school classroom.

It is possible that teachers will

need time to internalize the new approaches to math
instruction before subsequent efforts with classroom
instruction will be more successful.

This element of

time to change has been addressed by Tyler (1987).
Time was proven to be a necessary factor to
produce change in a previous MCIP study.

Looking at a

study of the 1988 MCIP workshop, Zito (1990)

found that

teachers who participated in MCIP/88 showed a
tremendous change in their attitudes about mathematics
and their instructional behavior.

Zito's study showed

moderate changes during the course of the six session
MCIP workshops in the aforementioned areas; however, a
follow-up study, one year later, revealed significant
changes in teacher attitudes and instructional
behavior.

It is hypothesized that these significant

results were due to the fact that teachers had the time
to internalize workshop materials and inc9rporate
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workshop ideas into their instructional plans at their
own pace.
Both MCIP/88 and MCIP/89 were based directly on
current staff development research.

.

Results of Zito's

research matched the results reviewed by Joyce and
Showers (1988).

The results of MCIP/89 which focused

on the effect of staff development on student
achievement were not as powerful as expected, even
though MCIP/89 was designed using the same
research-based staff development model used in MCIP/88.
There is very little research performed on staff
development and student achievement.
Showers'

In Joyce and

(1988) review of studies of staff development,

which included student achievement, they found
high-effects sizes (1.31) for the training outcomes of
knowledge and skill, when training components included
theory, demonstration, practice, and feedback.

When

looking at the transfer of training and using the same
training components, low effect sizes (.39) were found.
Since these training components are also part of the
MCIP/89 workshop, it may be concluded that the content
of this workshop, problem solving, may be more
difficult than previously thought.

Improving student

achievement in problem solving may prove to be a more
difficult task than the mathematics community imagines.
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Reform leaders need to take a deeper look into how they
expect the changes in student achievement to take
place, especially in the area of problem solving.
This study revealed that, if problem solving is
going to be "the central focus of the mathematics
curriculum" in the 1990s, teachers will need a great
deal of support and encouragement from administrators,
colleagues, university professors, curriculum
developers, and mathematical researchers.

If left up

to each individual teacher, improved student
achievement should not be expected.

Recommendations
The literature reviewed in this study described
the history of mathematics curriculum changes and
indicated the importance of problem solving as one of
the basic skills of mathematics.

The role of problem

solving, as is evident in many national and
international research studies and reports, continues
to be the major force behind mathematics programs in
the 1990s.

But, what these research studies and

reports have failed to indicate is how to integrate
problem solving into the mathematics curriculum
effectively.

To guide the mathematics movements of the

1990s, the NCTM has published the Standards.

This
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thrust for problem solving as outlined by the Standards
is quite foreign to many teachers.

Teachers must first

become comfortable with the new teaching strategies and
instructional techniques it describes.

Staff

development programs are going to be a key to the
success of the curricular changes in this document.
The recommendations that follow are of practical
significance to classroom teachers, curriculum
coordinators, administrators, staff developers, and
mathematics researchers, when considering staff
development programs that may lead to increased student
achievement.
1) Since there was a slight increase in
problem-solving scores due to the treatment,
both traditional and non-traditional
problem-solving activities should be
incorporated into mathematics classrooms.
2) Teachers should receive in-service training in
the use of any treatment and should be strongly
encouraged to incorporate it into their daily
instructional planning.

Although the treatment

was not shown to be significant for the three
MCIP treatment groups, significant differences
were found when the MCIP population was compared
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to the scores of the NAEP national and central
populations.
3) Staff developers should consider the
"train-the-trainer" model to provide
cost-effective in-service programs.

The

indirect treatment group showed gains comparable
to the direct treatment group.

This

"train-the-trainer" model has empowered teachers
to take an active role in the mathematics reform
at their schools and has encouraged their
colleagues to participate in this process.
4) The NCTM must design and implement staff
development programs to make teachers aware of
the Standards.

No participants in this study

were aware of this document prior to their
participation in MCIP/89.
5) Since much time, effort, and money has been
spent by experts in assessing student
achievement in mathematics, and by schools and
districts in providing professional development
opportunities for their faculty, it would seen
beneficial to both areas to share information
and ideas.

This study has shown that there is

potential for staff development programs to
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empower teachers and cause a positive change in
the achievement scores of their students.

Suggestions for Further Research
Although the need for research on the effect of
staff development programs on student achievement
exists, this researcher understands why so little
research in undertaken.

As Fullan (1990, pg. 7)

states,
In short, staff development, implementation of
innovation, and student outcomes are closely
interrelated, but because they require such a
sophisticated, persistent effort to coordinate,
they are unlikely to succeed in many situations.
Any success that does occur is unlikely to be
sustained beyond the tenure or energy of the main
initiators of the project.
Frustration was a key word during this study.
Since staff development research must be performed with
a volunteer population to obtain accurate results,
empty cells and uneven cell counts resulted.

This led

to numerous problems when processing the data.
In spite of this problem, some suggestions for
further research include:
1) The instrument used to gather data may need to
be revised in two ways.

First, the researcher

may want to concentrate on only one or two NAEP
achievement levels.

As numerous reports and
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research studies have indicated, students in the
United States have a long way to go in the area
of problem solving.

This researcher may have

been overzealous in using high level NAEP
problems for such a short implementation period.
Second, the researcher may want to consider
using only one form of the test instrument.
This would allow an individual problem analysis
to be performed.

While slight gains were shown

for some proficiency levels, these gains could
not be attached to a specific problem, but only
to that proficiency level.

NAEP comparisons

could also be performed for individual problems.
2) Additional investigations on this topic should
consider using a longitudinal study.

This may

be a more appropriate format since problem
solving is such a foreign topic in many
mathematics classrooms.

A longitudinal study

may be able to indicate statistically
significant results on the effect of staff
development programs over the course of a year
or more.

The eleven week implementation period

may not have been sufficient to register
significant change.

Time and practice may be

necessary factors to help teachers and students
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overcome their fear of problem solving before
significant results would emerge.
3) Attitudinal data on problem solving should be
collected from both teachers and students to see
if staff development programs can change
teachers' and students' attitudes about problem
solving.

It would have been interesting to note

if any significant attitudinal change resulted
due to this study.

Summary
Although few statistically significant results
were found across MCIP treatment groups, it appeared
that MCIP/89 did cause a slight increase in student
achievement in the area of problem solving.

The

overall mean scores did show slight improvement for
four out of the five questions which centered on three
different levels of NAEF mathematics proficiency.
However, due to the short implementation period and
lack of statistically significant results, further
investigations, possibly in the form of a longitudinal
study, need to be performed to make a positive
conclusion.
In addition to these results, when MCIP/89
post-test scores were compared to the scores achieved
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in the 1986 NAEP assessment both nationally and in the
central testing region, the MCIP/89 direct and indirect
participants performed at a higher percentage than the
NAEP populations.

These statistically· significant

results indicate that another study on this topic is
warranted.
This investigation was an attempt to determine
whether a teacher's participation in a staff
development program focused on mathematical problem
solving could result in increased scores in student
achievement.

This study also examined if these

teachers could train their colleagues in the workshop
concepts and ideas with similar results.

It may be

concluded from the results of this study that:
1) Problem solving is a topic that needs to be
incorporated into mathematics classrooms.
2) Staff development has the potential to increase
student achievement scores in problem solving.
3) Staff development, implemented for only a few
weeks, can cause change in student achievement.
Longer implementation periods may amplify these
results to significant levels.
4) Cost-effective "train-the-trainer" models have
the potential to be used to foster change in the
mathematics curriculum.
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Throughout the history of mathematics, school~
have been called upon to meet the demands of society.
In the 1990s schools must concentrate on improving
students' problem-solving skills.

Today, with many

schools facing budget deficits, cost-effective staff
development programs seem to be the answer to help
foster curricular and instructional changes.
Today's children become tomorrow's adults.
Faced with the challenges of the 21st century, these
individuals will have the responsibility of seeking
solutions to the problems of an ever changing and
complex society.
viewed as a trend.

For them, problem solving must not be
Today's teachers must view problem

solving as a major concern, and provide adequate
opportunity for their students to practice and refine
their problem-solving skills.

There is a definite need

for continuing research on both teachers and students
to determine the effect of staff development on student
achievement in the area of problem solving.
Two additional investigations on problem solving
have resulted from this study.

One study is

investigating the effect of involvement in a creative
problem-solving program, Odyssey of the Mind (OM), on
student achievement in mathematical problem solving.
OM is a problem-solving program that is geared toward
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generic problem-solving situations.

Students who are

involved in the OM program are not necessarily
perceived as the top math students in the school.
Using a test instrument consisting of three released
items from the National Assessment of Educational
Progress and two nontraditional problem solving
situations, it is hypothesized that OM students will be
able to transfer the problem-solving strategies learned
through OM to mathematical problem-solving situations
and perform better than students not involved in the OM
program.
A second study is also using a test instrument
consisting of NAEP released items at the seventh grade
assessment level.

This instrument is being

administered to pre-service teachers and practicing
teachers to determine if these teachers are able to
solve the problems researchers are asking students to
solve.

It will be interesting to see if the results

indicate that teachers are having just as much
difficulty as their students when it comes to
problem-solving situations.

If these results are

found, it will give new insight to the importance of
improved and continuing pre-service and in-service
training for educators when it comes to the
implementation of new ideas at the classroom level.
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Both investigations should lead to a better
understanding of the importance of incorporating
problem-solving components into elementary mathematics
classrooms.
The intent of this study was to encourage
schools to select staff development opportunities which
would empower teachers and allow them to take active
leadership roles in mathematics at their schools.

If

student achievement in mathematics is to change for the
better, dedicated teachers need to make a commitment to
a specific program.

As Tyler (1987, pg. 280) states,

"it takes six to seven years to get a reform really
working as intended".

If the mathematics reform

movement of the 1990s, as outlined in the Standards,
especially in the area of problem solving, is to be
successful, teachers need to be helped and guided in
its implementation.

Staff development programs, such

as MCIP are needed to give teachers the confidence and
encouragement to lead them in the right direction.
Today, most mathematics teachers still are not
aware of the documents, resources, and programs
available to improve mathematics curricula.

Through

this study, over 100 teachers have been presented with
ideas and information that can be used to guide
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curricular changes at their local school level.

As

stated in the 1986 NAEP report:
Achieving a higher-quality mathematics curriculum
across schools in the United States will require
new materials, effective instructional methods, and
improved means of evaluating student performance ...
No longer can society afford to view mathematics as
a subject for a chosen few or as a domain solely
composed of arithmetic skills. Students must come
to see it as a way of thinking, communicating, and
resolving problems. Until American schools move
toward these more ambitious goals in .mathematics
instruction, there is little hope that current
levels of achievement will show any appreciable
gain.
(Dossey et al., 1988, p. 13)
The 1989 Mathematics Curriculum Improvement Project was
one staff development program that encouraged and
helped teachers move in this direction.
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DATA SHEET

Participant

1. Level:

2. Program:

Trainee

Comparison Group

MCIP

3. Year(s) of participation in program:·
First

Second

4. Grade Level:

Third

4

3

5

Fourth
7

6

8

5. Achievement level of class:
Mixed

High

6. School Affiliation:
7. School Location:

Medium

Low

Public
City

Private

Suburban

8. School Socio-Economic Status (SES):

- - -% of

students receiving free lunch

9. Years of teaching experience:
1

2

3

4

5

6

7

8

9

10

10+
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FORM A
1)

2)

Sam has 68 baseball cards.
Juanita has 127. Which
number sentence could be used to find how many more
cards Juanita has than Sam?

0
0
0
0

127 - 68 =

0

I don't know

If 7x + 4

0
0
0
0
3)

127 +
68 -

0

0 = 68
0 = 127

68 + 127 =

0

= Sx + 8, then x =
1

2
4

6

According to the graph,
in which year did the Metro
Company make the largest
dollar amount of profit?

0
0
0
0
0
0

Income and Expenses of Metro, Co. 1967•1971

1967
1968

.

1969

0

1970

-

Expenses

• - - - • Income

:!
0

0
'0

.

C:

;
0

...
.c

1971
I don't know

1968

I

I

I

1969

1970

1971

Years
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4)

Suppose you have 10 coins and have at least one
each of a quarter, a dime, a nickel, and a penny.
What is the least amount of money you could have?

0
0
0
0
5)

41¢
47¢

so¢
82¢

If a= 1 point, b = 2 points, c = 3 points .... and
z = 26 points, can you find a three letter word
that has a value of 48 points when the letters are
multiplied?
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FORM B
1)

Which is worth the most?

0
0
0
0
2)

11 nickels
6 dimes

1 half dollar
300

I don't know

Refer to the graph.
This graph shows how far
a typical car travels after
the brakes are applied.

1LM

%:)0

w
u..

z

200

~

i~o

~

100

cS

~o

z

VI

0

/v
/
~

/

V

~

10

20

30

40

~

CAR SPEED IN MILES PER HOUR

A car is traveling 55 miles per hour. About how far
will it travel after applying the breaks?

0
0
0
0
0
3)

25 feet
200 feet
240 feet
350 feet
I don't know

The number of tomato plants (t) is twice the number
of pepper plants (p). Which equation best
describes the sentence above?

0
0
0
0

t
2t
t

= 2p
= p
= 2 + p

2 + t

= p

60
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4)

Suppose you have 10 coins and have at least one
each of a quarter, a dime, a nickel, and a penny.
What is the least amount of money you could have?

0
0
0
0
5)

41¢
47¢

so~
821

Given three 1 foot square tiles, what is the
largest perimeter they can have? What is the
smallest perimeter they can have?
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FORM C
BOXES OF FRUIT PICKED
AT FARAWAY FARMS

1)

Refer to the graph.
How many boxes of oranges,
lemons, and grapefruit were
picked on Tuesday?

100

30

:I

r.

00
~

.

rr:

..

70

·,

)(

0
0
0
0
0
0
0
2)

0

10

~

"'

90

~

z

~<

60

~o
40

JO

170
400

20

::
'

10

0

MON

a

1700

1:,

TUES

940

I 'don't know

WED
THl.ftS
DAYS OF THE waK

ORAM.ES

~

LEMONS

c=:::i

GRAPEFRUIT

-

What is the area of this rectangle?

0
0
0
0
0
0

4 square cm

6 square cm
Gem

10 square cm
20 square cm
24 square cm
I don't know

i

4cm

FRI
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3)

In the figure, R, S, T, v, and W represent
numbers.
The figure is called a magic
square because adding the numbers in any row
or column or diagonal results in the same
sum. What is the value of R?

0
0
0
0
4)

R

s

40

35

. 25

15

T

V

w

40
50
Can't tell

Suppose you.have 10 coins and have at least one
each of a quarter, a dime, a nickel, and a penny.
What is the least amount of money you could have?

0
0
0
0
5)

.

30

41~
47f

so¢
s2¢

House numbers can be made with the numbers O, 1, 2,
3, 4, 5, 6, 7, 8, or 9. My house number has three
different digits. The sum of the three digits is
6. The number does not begin with 0. What could
my house number be? List all the possible numbers.
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